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PREFACE 
This volume represents the second in a series of IIASA conference 
proceedings dealing with case studies of large-scale regional development 
programs. The Tennessee Valley Authority in the United States was the 
subject of the first Conference, and the presentations on methods and 
activities pursued appear in the proceedings." 
The second case study, the Bratsk-llimsk Territorial Production 
Complex (BITPC), is an example of how large-scale regional development 
programs are integrated into the system of national economic planning in 
the Soviet Union. The BITPC is the first of the maior territorial ~roduction 
complexes in the Soviet Union, and the experience gained there is being 
used for the development of similar programs. Countries with similar 
development objectives will find it useful to examine the experience of 
Soviet scientists and practitioners. IIASA is indebted to the United Nations 
Environment Programme for its partial support of this work. 
These Proceedings cover only the initial stage of IIASA's study of 
the Bratsk-ILimsk Complex. The presentations included were prepared by 
the Soviet scientists actively involved in developing the concept of TPCs. 
IIASA scientists prepared additional papers, based on the presentations, in 
order to stimulate discussion and to clarify some of the issues raised. The 
presentations and the discussions served as the basis for a more detailed 
field study of the Bratsk-ILimsk Complex and the general role of TPCs in 
the Soviet Union carried out by IIASA scientists in mid-1976. A report 
of this field study will be published by IIASA in late 1977. 
The BITPC case study provides an excellent framework for discussing 
the effective management of large-scale regional development. It is a 
pleasure to thank the State Committee for the USSR Council of Ministers 
for Science and Technology. and the Soviet scientists who prepared papers 
for the Conference. Their work has deepened our knowledge in this area 
and will be of interest to all decision-makers dealing with similar 
problems. 
"Hans Knop, Editor, The Tennessee Valley Authority, 2 Vols., CP-76-2, 
International Institute for Applied Systems Analysis, Laxenburg, Austria, 
1976. 
Finally, I wish to express my appreciation to the IIASA staff, in 
particular, Brunhilde Buergler, Anna John, and Eryl Ley for their dedication 
and hard work at the Conference. Special thanks are also due to my able 
assistant. Robert Tuch, who played a major role in assembling the 
Conference material and in finalizing these Proceedings. I also wish to 
extend my thanks to the editorial staff for producing what I consider an 
excellent publication: to Jeanne Anderer who technically edited these 
Proceedings, and to Barbara Lewis and Angela Marsland who helped 
produce the final copy. 
Hans Knop 
June 1977 
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Welcoming Address 
R.E. Levien 
I would like to welcome you to the second IIASA conference 
on large-scale planning projects which focuses on the Bratsk- 
Ilimsk Development Project in the Soviet Union. The first con- 
ference, held in October 1974, focused on the Tennessee Valley 
Authority in the USA. 
I think it is appropriate to say a few words about the 
Institute and how this Conference fits into our evolving research 
strategy. IIASA was founded in 1972 to bring together scientists 
from around the world--in the beginning from East and West, but 
increasingly from developing countries as well--to work on prob- 
lems shared by their nations. These problems are both global-- 
those whose impact and resolution involve groups of countries-- 
and universal--those which each nation faces within its borders. 
IIASA's approach to these problems is interdisciplinary, 
recognizing that in their complexity the problems we choose to 
work on demand a more comprehensive approach than can be applied 
in a single disciplinary atmosphere. In addition to its own 
research, IIASA aspires to build networks of institutions with 
coordinated research programs, and to facilitate the exchange of 
experience among countries. 
To accomplish its objectives, the Institute requires both 
a broad base of competence in many disciplines and topic-oriented 
studies that draw this expertise together in policy analysis. 
These requirements lead us to IIASA1s research structure and di- 
rection. As the base of competence for the Institute's work we 
have four Research Areas: Resources and Environment, dealing 
with the earth's natural endowment; Human Settlemezts and Ser- 
vices, dealing with the earth's human endowment; Management and 
Technology, concerned with man-made contributions to the global 
endowment; and System and Decision Sciences, dealing with the 
mathematical and computational tools for systems analysis within 
an area and for studies which cut across areas. 
IIASA has the opportunity to draw upon the body of knowledge 
and expertise within these areas to perform substantive, objective 
analysis of global and universal problems. At the global level, 
we are concerned in the long term with the pace and direction of 
global development. But before we can tackle such an awesome 
task, we have chosen first to look systematically at the develop- 
ment of individual sectors: energy and food, for example, and 
their linkages with other sectors. IIASA now has one crosscutting 
global program on global energy systems, and is contemplating 
another on food and agriculture. 
At the universal level, we have a different problem. Where- 
as sectorial models are often well developed, methods and ap- 
proaches that link them together are lacking. IIASA has chosen 
to look at these linkages: integrating concepts and approaches 
for dealing with the development of geographic regions. Our 
crosscutting program is Integrated Regional Development. 
Within this framework, this Conference on the development 
of the Bratsk-Ilimsk region assumes great importance for IIASA. 
We will approach Bratsk-Ilimsk from a multidisciplinary perspec- 
tive, with each of our Research Areas participating in the Con- 
ference. We want to examine approaches and methodologies that 
have been used in Bratsk-Ilimsk and to draw lessons for the 
future: lessons that will help the scientists decide what re- 
search to pursue and the policymaker to decide which aspects of 
the Bratsk experience might be applied to other development proj- 
ects. We hope that the Bratsk-Ilimsk experience will stimulate 
discussion and exchange of insight among scientists and between 
scientists and policymakers. 
IIASA is particularly grateful to Academician Aganbegyan 
who has coordinated the Soviet documentation and presentations 
on Bratsk. He has worked closely with Professor Knop, leader of 
IIASA's Management and Technology Area, who has played a major 
coordinating role in the organization of the TVA and the Bratsk- 
Ilimsk studies. 
INTRODUCTION TO THE BlTPC 

Introduction 
G. Aleksenko 
This Conference is an excellent opportunity to examine the 
experience of the planned development of a socialist system of 
economy that provides for a purposeful, comprehensive, and effec- 
tive use of resources and capital investments for society. In 
the USSR, large-scale and long-term national and regional pro- 
grams are an important instrument for development. During the 
early period of the Soviet state, Lenin initiated and supervised 
the integrated program of electrification of the country--the 
Goelro Plan--which helped to create the material and technical 
foundation for the socialist system. Since then, other major 
programs have been successfully implemented such as the creation 
in the 1940s of a coal and metallurgical base in the Eastern 
part of the country, the development of the Northern territories, 
and the development of large regions in the Central Asian and 
Far Eastern part of the USSR. These programs combine sectorial 
and territorial development, taking into account the interrela- 
tion of economic, technical, social, political, demographic, 
ecological, and geographical factors. To achieve these goals, 
a systems approach to planning, designing, and managing large- 
scale programs is essential. 
The recent 25th Congress of the Soviet Communist Party 
(CSCP) devoted special attention to formulating and implementing 
comprehensive programs for developing large regions of the coun- 
try. 
In reporting to the Congress, the General Secretary of the 
Central Committee of the CSCP, Leonid I. Brezhnev, stressed that 
there should be more rational and purposeful allocation of the 
country's productive forces to meet the development needs of new 
areas, in particular, those areas rich in raw materials and fuels. 
In accordance with the decisions of the 25th Congress and 
the Soviet Government, large-scale work is being done on creating 
integrated programs for developing natural and economic resources 
of many regions of the Soviet Union--e.g., the non-black soil 
zone, the West Siberian and Sayan Complexes, and Irkutskia; the 
further development of the Bratsk-Ilimsk Territorial Production 
Complex (BITPC) . 
We have the requisites for such development: public owner- 
ship of the means of production, a planned system of economy, and 
the productive, scientific and technological potential. Using 
the example of the BITPC, the scientists and specialists who are 
members of the Soviet delegation to this Conference will show how 
these requisites have been used for the many regional development 
programs. 
We are convinced that the BITPC is interesting for several 
reasons. First, it plays an important role in the industrial 
development and electrification of Siberia by implementing a 
series of long-term programs for developing the region's produc- 
tive forces. It covers a vast and undeveloped region whose popu- 
lation has increased tenfold since the creation of the complex 
about 25 years ago. The complex is truly multisectorial and 
multifaceted: it includes large hydropower stations such as the 
Bratsk and the Ust-Ilimsk stations, many enterprises of various 
nature, and several new towns such as Bratsk, Ust-Ilimsk, 
Shelesnogorsk, and Ust-Kut. The main projects of the complex 
have been developed in record time with a clearly defined and 
interrelated plan. Its overall development is viewed as an inte- 
gral part of an even larger program--that of developing the nat- 
ural resources of the Angara-Yenisei Region. Scientific projec- 
tions and feasibility studies played an important part in the 
construction of the complex. For example, considerable research 
was done on the use of regional economic mathematical methods 
for identifying optimal solutions. 
We think the main aim of this Conference is to acquaint the 
participants and representatives of various countries with the 
organizational forms and methods used for implementing the BITPC 
regional development program. The experiences discussed here 
reflect the peculiarities of our system as a whole and the con- 
ditions of this specific region in our country. It is our be- 
lief that the study of the Soviet model for creating a regional 
complex in the form that it now exists and develops is very 
fruitful and will contribute to IIASAts work. 
The Role of the Bratsk-Ilimsk Complex in Developing 
The Productive Forces of Siberia 
A. Aganbegyan 
Because of the great variety of regions in the USSR, we are 
faced with the difficult task of selecting an example of a ter- 
ritorial organization for production and living that typifies 
the efforts being made in the Soviet Union for the planning and 
management of large-scale development programs. I was fortunate 
to have participated in the IIASA case study development of the 
Tennessee Valley in the United States, and to draw much from that 
experience. 
Why have we chosen the Bratsk-Ilimsk Territorial Production 
Complex (BITPC) as the theme for this Conference? There are many 
development programs in the Soviet Union that are larger in scope 
than the BITPC--programs that cover large economic areas and en- 
tire regions such as Western Siberia and the Angara-Yenisei Re- 
gion. The BITPC, as an integral part of the Angara-Yenisei Re- 
gion, was selected because it illustrates how the territorial 
production complex (TPC) works to ensure the rational development 
and use of a region's natural resources. 
Currently in the USSR, there are about 100 TPCs that are 
either operational or in the development stage. The BITPC is a 
typical example; therefore its main procedures, organizational 
forms, operational system of planning and management as well as 
the the BITPC experience in formulating and realizing its program 
are applicable to other TPCs. 
The BITPC is part of an overall large-scale regional devel- 
opment program; to understand the BITPC, it is necessary to under- 
stand the larger program--how it is being carried out and also 
how it is linked with lower regional bodies such as industrial 
units and small districts. 
The BITPC covers three administrative districts. It is 
part of the Irkutsk administrative region within the West 
Siberian economic region that is a part of the Russian Federa- 
tion. The administrative regions are further divided into dis- 
tricts: the BITPC covers three 'of the districts in the Irkutsk 
administrative region. The middle position of the BITPC was one 
of the reasons for selecting it as the subject of this Conference. 
The TPCs take a middle position in the hierarchy of territorial 
and national economic objectives of planning and management. The 
TPCs may be considered an efficient means for the structural or- 
ganization of solutions to the problems of coordinating the 
interests of the national economy, industrial and regional devel- 
opment in the USSR. 
Another major reason for selecting the BITPC is the unique 
conditions under which it has developed. Climatic conditions in 
this area are severe--extremes of cold in the winter, and heat in 
the summer and work of any kind is difficult. These conditions, 
however, are typical of many regions now being developed in the 
USSR. 
Unique Siberian conditions--e.g., vast territories, a unique 
assortment of natural resources, severe climatic conditions, and 
labor shortages--require unique planning and management activi- 
ties. The TPCs in Siberia not only contribute to the development 
of the economy as a whole, but also are an economically forceful 
means for overcoming specific Siberian conditions. 
While the BITPC has many characteristics in common with other 
TPCs, it also has a number of distinguishing properties. The 
BITPC is a powerful unit that greatly influences the development 
of social production in the entire USSR, particularly in Siberia. 
Productive forces were developed in Bratsk not only to meet the 
needs of the small population in the BITPC region, but also to 
provide electricity and other energy forms for the areas of 
Siberia and to furnish essential products for domestic and over- 
seas purposes. 
CHARACTERISTICS OF THE BITPC 
The development program of the area that is now encompassed 
by the BITPC began more than twenty years ago (1954-1955). In 
this relatively short period there have been major industrial and 
social accomplishments. Two large hydroelectric power stations 
of tremendous capacity have been built. The volume of the reser- 
3 voirs created after the closure of the dams is 50 km . The exten- 
sive forest resources of the region are efficiently used by timber 
complexes such as Bratsk which produces about 20 million m3 of 
sawn timber and over one million tons of cellulose. Another cel- 
lulose plant is being built in Ust-Ilimsk which will produce 
624,000 tons of cellulose per year. The wood processing and cel- 
lulose complexes make the BITPC one of the largest cellulose and 
timber producing regions in the USSR. 
In addition to the hydroelectric and timber processing facil- 
ities, a large aluminum plant has been constructed which produces 
large quantities of high grade aluminum products. Iron-ore mining 
and processing facilities are also contained within the BITPC, the 
annual figure of enriched iron-ore production is 6.5 million tons. 
All the facilities were built on a rather small territory 
compared to other territories of the USSR. Thus it was necessary 
to create a large construction organization that could provide 
the skills and organizational base needed for integrating the 
development of the Bratsk-Ilimsk region. Bratsk gesstroi was 
created to construct individual enterprises and to ensure that 
the necessary infrastructure of transportation, communication, 
and social facilities would be available. 
The concept of unified construction characterizes the effi- 
ciency of the BITPC within the Soviet Union. It is one of the 
country's most effective territorial industrial complexes. Elec- 
tricity is produced by the Bratsk Power Station at a cost of only 
0.035 Kopeks/kW; the great forests along the Angara are harvested 
and processed practically without waste. The efficiency of these 
and other enterprises reflects the importance of a single large 
construction organization that is flexible in distributing its 
forces, and can perform major construction work on a simultaneous 
basis. It was only five years between the time that the first 
construction workers came to Bratsk and the first cubic meter of 
rock was extracted, and the time when the power units were com- 
missioned. The Soviet Union has never experienced such a fast 
rate of construction for a project of this scale. 
At this Conference many papers will be presented and discus- 
sed about different aspects of the BITPC. I would therefore like 
to speak about the territorial organization of our national econ- 
omy. 
The national economy of the USSR is characterized by its 
planned nature, with key emphasis placed on a central plan. 
Figure 1 presents a simplification of the forecasting and plan- 
ning system that resulted in the establishment of the BITPC and 
many other complexes of a similar type. 
i 
FIVE-YEAR PLAN 
LONG-RANGE 
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Figure 1. Forecasting and planning system in the USSR. 
Before the plan is elaborated, large-scale work is accom- 
plished under the guidance of national bodies that deal with 
long-term forecasting of the national economic development of 
the USSR. The overall head of this work is the State Committee 
for Science and Technology. Professor Alexenko, who leads our 
delegation to this Conference, is also the head of a commission 
on long-term forecasts of fuel and energy requirements. Under 
the guidance of this State Committee, institutions of the Academy 
of Sciences, ministries, departments, and designated organizations 
participate in the elaboration of long-term forecasts up to the 
years 1990 and 2000. These long-term forecasts, which are elab- 
orated for the key branches of the national economy, serve as the 
basis for scientific, economic, technological, and social work 
carried out by the State Planning Committee (GOSPLAN). These 
bodies work together to elaborate the long-term plans for the 
next 15 years. This work is not completed, and the recent Party 
Congress has requested that this work be completed over the next 
few years. Currently, we have no integrated plan covering the 
next 15 to 20 years. The problems of developing the productive 
forces for this period are being worked on by special governmen- 
tal degrees, which will be adopted after preliminary work has been 
completed. 
The basis form of planning in our country is the five-year 
plan. We have started to fulfill the 1976-1980 Plan. The basic 
plan is formulated as follows. Every five years, a Congress of 
the Soviet Communist Party is convened--the Party is the guiding 
and leading force in our society; and the Congress approves the 
basic directions of the plan for development over the subsequent 
five-year period. These directions are thoroughly studied, and 
the plan is then approved and adopted by the Supreme Council of 
the USSR. 
Five-year plans are worked out in detail and are broken down 
into annual plans. The annual plans contain individual indicators 
of the five-year plans, and are developed and specified on the 
basis of annual budgets. These annual plans and budgets are also 
approved by the Party's Central committee, as was the case for 
the plans for the Bratsk-Ilimsk Complex. 
The nineteenth Congress of the Party set forth directives 
for creating the Bratsk-Ilimsk Complex, and subsequent five-year 
plans dealt with the specifications and progress of the BITPC. 
For example, after the Bratsk Hydropower Station had been devel- 
oped, a decision was taken to build the Ust-Ilimsk station; after 
the development of the Bratsk Complex, it was decided to con- 
struct the Ust-Ilimsk cellulose plant in cooperation with the 
member countries of the Council for Mutual Economic Assistance 
(CMEA). The tenth Quinquennium has set forth the task of com- 
pleting the development of the BITPC. 
About twenty-five years have passed since work began on the 
BITPC. This planned approach to developing the territorial and 
productive forces is not an easy procedure. Among the most 
difficult problems we have faced are how to interrelate the sec- 
torial approach where power engineers are interested in energy, 
aluminum engineers in aluminum etc., and how to integrate this 
sectorial approach with a territorial approach. The territory 
has its own peculiarities; it requires an integrative approach 
for various sectors such as a uniform transport system, and a 
unified production infrastructure. All these factors integrate 
sectors and branches. 
What should be done to interrelate the sectorial or depart- 
mental approach with the territorial units in order not to vio- 
late the territorial unity? How can we combine this complexity 
with specialization? For the development of a systems approach, 
it is necessary to use a program-oriented approach. 
Programs are being developed to realize large-scale economic 
goals that go beyond the boundaries of individual sectors and 
sometimes individual territories. They require integrative ef- 
forts, not only within a certain territory or industry, but also 
on a national scale. This program-oriented approach has been 
characteristic of our plans, starting with the Goelro Plan which 
was drawn up under the guidance of Lenin. As a result of the 
development of systems analysis, this program-oriented approach 
is becoming more important and more personal and formal proce- 
dures are being developed. 
All the above elements have been integrated in our five-year 
plans which do not give a sum of sectorial indicators, but rather 
are comprehensive and integrative in nature. The five-year plans 
have sections concerning the development of sectors, and sections 
pertaining to the allocation of productive sectors. Within the 
State Planning Committee there is a special division that inter- 
relates the sectorial indicators, adjusts them if necessary, and 
forms the point of view of the integrated development of a ter- 
ritory. 
I am sure that everyone here understands that drawing up a 
plan to guide the work is preceded by a pre-planning stage which 
is related to the scientific substantiation o,£ the decisions 
taken. Let me use Siberia as an example. 
There are several stages of scientific preparation or sub- 
stantiation for the development of a new territory. We have 
academic organizations and research institutes that work in ad- 
vance of the elaboration of a five-year plan. They carry on 
research dealing with key problems of regional development, and 
prepare scientific reports on these subjects. In addition, multi- 
purpose ideas are advanced which use techniques such as situation 
analysis. The Institute of Economy and Organization of Industri- 
al Production, which is located near Novosibirsk in the center 
of Siberia, deals with problems of developing the productive 
forces of Siberia using these approaches. Professor Tarasov who 
is charged with establishing the Institute for the Organization 
of Far Eastern Development is present at the Conference. These 
research papers and scientific reports are used by institutions 
and organizations in our country for planning activities for the 
development of new regions. This preliminary work is lead by the 
Council for Productive Forces attached to the State Planning Com- 
mittee of the Soviet Union. 
The Deputy Director of the Council, Professor Gramoteeva, 
will report to the Conference on the activities for producing 
schemes for developing the productive forces of individual re- 
gions. These schemes are drawn up through the efforts of large 
programs in which sectorial organizations take part and which 
also include territorial organizations directly representing the 
territories. This material is then sent to the Council for the 
Study of Productive Forces which works together with the research 
institutes under Gosplan and with the central economic institutes 
under the State Planning Committee of the Russian Federation. 
Through their combined efforts, a preview document is drawn up 
which is the basis of government decisions on the development of 
new territories and productive forces. 
The scientific substantiation of such a plan involves the 
use of mathematical methods and models. This work is done under 
the leadership of the Central Economic Mathematical Institute in 
Moscow with assistance from our Institute in Siberia. Both Insti- 
tutes are currently working on a systems approach to modeling 
using an interrelated complex of models--a system of models. 
Our current approach is to use the following groups of models: 
dynamic intersectorial models at the national economic level; 
intersectorial models dealing with the allocation and distribu- 
tion of productive forces; optimization, interregional, and inter- 
sectorial models dealing with the aggregate hypothesis of regional 
development; local models of optimal sectorial planning; and 
models of the comparative development of regions. The sectorial 
and regional approaches are unified in the program-oriented models. 
Many of these types of models will be discussed at this Con- 
ference. 
Work is now being done on completing the first phase of ac- 
cumulated plans, systems, and calculations. This is an integrated 
system which is being developed for the State Planning Committee 
of the USSR, for the planning bodies of the Republics, and for 
local planning bodies. This system will help us to improve the 
quality of our planning activities. 
Our development plans do not stop with the completion of the 
BITPC. The BITPC is the starting point for the development of a 
vast area--one million square kilometers--that will be the indus- 
trial belt of the Soviet Union. The Baikal-Amur Railroad is cur- 
rently under construction, and will facilitate the industrializa- 
tion of this part of the country. It is easy to envisage the 
large-scale development of the productive forces of this region. 
Bratsk will serve as an example for the further development of 
the Siberian region. 
There are 20 industrial complexes that are in some stage 
of development, and the BITPC will always be a special case. 
It is the first complex of this type, and has shown us the value 
of a comprehensive integrative approach to organizing the pro- 
ductive forces and developing new areas. We plan to continue 
development along these lines. 
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Analysis in Regional Programs 
H. Knop 
IIASA ACTIVITIES IN LARGE-SCALE PLANNING PROJECTS 
This Conference is the second in a series of IIASA confer- 
ences on the experience of large-scale planning projects. This 
series began in October 1974 with the conference on the Tennessee 
Valley Authority (USA), followed by a field trip to Tennessee in 
June 1975 by the IIASA large organizations group. We are pleased 
to have the opportunity to discuss with our Soviet colleagues the 
development of the Bratsk-Ilimsk Territorial Production Complex 
(BITPC); we will follow up this conference with a field study to 
Bratsk by IIASA scientists in June/July 1976.. The next case--to 
be undertaken in 1977--is the Shinkansen Program, which is a 
large construction program for the Northern Super Express Rail- 
way in Japan. 
In addition to conferences and studies, we are analyzing 
available information on completed and current large-scale plan- 
ning projects worldwide, for example the Guyana Program in 
Venezuela, and the Scottish Development Case. 
Three other cases, already agreed upon or under negotiation, 
will involve cooperation with scientific institutes in the re- 
spective countries. These are the Lublin Coal Region Development 
Program in Poland (a working agreement already exists); the 
Computer-Assisted Regional Management System Project of the Kinki 
Region in Japan; and the Isfahan Regional Program in Iran (the 
details of cooperation are being finalized). 
In all of these cases we are concerned with the application 
of systems analysis to regional planning, management, and organi- 
zation. Since the IIASA large organizations group is small we 
have to define our role and find appropriate activities. 
While these regional development programs differ in many 
respects, there are some common features--especially in the 
methodological field. For example, there is the problem of the 
improved use of resources, with special emphasis on integrating 
environmental factors in regional planning and modeling. Solu- 
tions to this problem should take into account socio-economic 
and natural conditions; the structure of the methodology for all 
large-scale planning projects includes the following elements: 
development concepts and strategies, goals, and objectives; 
decision analysis and evaluation systems; data base, information, 
and model systems; planning algorithms and economic mechanisms; 
and organization. 
SYSTEMS ANALYSIS IN SOCIAL DECISIONMAKING PROCESSES 
Complex socio-economic systems are hierarchically structured 
and have self-stabilizing subsystems. Systems analysis of these 
systems has much in common with the analysis of natural or techni- 
cal systems and also differs from it on several counts. 
What are the properties of socio-economic systems? These 
systems--as enterprises, settlements, regions, nations--generally 
have multiple objectives which usually reflect competing and con- 
flicting interests of different social groups and dimensions. In 
mathematical programming, socio-economic systems are often handled 
like technical systems: optimization with a given set of con- 
straints and one target function. But this does not adequately 
reflect reality. 
When the planning process begins, many constraints are un- 
known. They depend in part on the assessment of social needs, 
and in the case of natural resources, on the amount of energy, 
labor, and capital available for a specific purpose. For example, 
the availability of a type of ore depends on the existing deposits 
in a country; at the same time, the amount of ore that is worth 
extracting economically depends on the possible input of produc- 
tion factors and the degree of use of technologies for refining 
poor deposits. 
The objectives are not completely given and fixed when the 
planning process starts. The determination of the objectives 
and the priority given to them is usually a result of the plan- 
ning process. It is possible to determine objectives only when 
one knows their requirements and consequences, i.e., the goal- 
setting process can be effective only when it is an iterative 
process with a multiplicity of changing parameters. 
Only some of the information characterizing a socio-economic 
system can be quantified since not all social decisions are well 
structured. The existence of a limited share of quantified infor- 
mation and well structured decisions underscores the need for an 
iterative approach to socio-economic decisionmaking and limits 
the opportunities for the use of deterministic models. 
Another important characteristic of socio-economic systems 
is the influence that concerned individuals and groups have on 
the way the systems act. Each individual has an understanding and 
evaluation of the system in which he operates and relates this 
to his interests. All human beings belonging to a socio-economic 
system act within a certain organizational framework which re- 
flects social and political hierarchies, subdivisions of labor 
and allocations of facilities. All this greatly influences the 
decision processes and the operation of the system. In a 
t e c h n i c a l  system, t h e r e  i s  change i n  t h e  t a r g e t  f u n c t i o n  o r  i n  
t h e  c o n s t r a i n t s  a s  a  r e s u l t  of change i n  t h e  parameters  of t h e  
system and i n  t h e  ou tpu t .  However, because of t h e  human f a c t o r ,  
t h i s  does  n o t  t a k e  p l a c e  i n  a  socio-economic system. 
Another c h a r a c t e r i s t i c  f e a t u r e  of socio-economic systems i s  
t h e  l i m i t e d  p o s s i b i l i t y  f o r  conduct ing  experiments .  We cons ide r  
c a s e  s t u d i e s  a s  one way of overcoming t h i s  l i m i t a t i o n .  The BITPC 
and e x i s t i n g  TPCs have provided t h e  S o v i e t s  wi th  v a l u a b l e  i n f o r -  
mation t h a t  i s  being cons ide red  i n  t h e  p lanning  of new TPCs. 
We may conclude t h a t  complex socio-economic systems do n o t  
pos ses s  a  c l e a r l y  de f ined  optimum. They a r e  c o n s t a n t l y  changing 
a s  a  r e s u l t  of changing i n t e r n a l  and e x t e r n a l  c o n d i t i o n s  ( d i s -  
t u rbances )  and i n  f u l f i l l m e n t  of a  s e t  of h i e r a r c h i c a l l y  s t r u c -  
t u r e d  g o a l s  and o b j e c t i v e s ,  which i n  t u r n  change over  t ime.  Th i s  
means t h a t  socio-economic systems have t o  be managed a s  systems 
i n  a  s t a t e  of dynamic a d a p t a b i l i t y ,  a s  l e a r n i n g  systems composed 
of s e l f - a d a p t i n g  and l e a r n i n g  subsystems. These subsystems a r e  
connected t o  each  o t h e r  by coo rd ina t ed  r e l a t i o n s  and t o  systems 
of a  h ighe r  o r  lower l e v e l  by subordina ted  r e l a t i o n s .  Sometimes 
t h i s  p r o p e r t y  of systems i s  c a l l e d  " r e s i l i e n c e " .  H e u r i s t i c  
methods a r e  impor tan t  f o r  handl ing  t h e s e  t ypes  of systems.  
We b e l i e v e  t h a t  t h e  a p p l i c a t i o n  of systems a n a l y s i s  t o  s o c i o  
economic systems needs t h e  coope ra t ion  of hard  and s o f t  s c i e n c e ,  
and t h e  permanent i n t e r a c t i o n  of modelers ,  d e c i s i o n  a n a l y s t s ,  
economists ,  s o c i a l  s c i e n t i s t s  and d e c i s i o n  makers. The s o c i a l  
d e c i s i o n  p roces s  should be  regarded  a s  a  h i e r a r c h i c a l ,  i t e r a t i v e ,  
and complex human a c t i v i t y .  
The background f o r  t h e  s o c i a l  d e c i s i o n  p roces s  is  t h e  oppor- 
tunity of choice i n  t h e  development of socio-economic systems.  
Th i s  i s  determined  by such f a c t o r s  a s  needs and g o a l s ,  p a t h s  of  
growth, e x t e r n a l  c o n d i t i o n s ,  t e chno log ie s ,  s i t i n g ,  t iming ,  soc io-  
economic s o l u t i o n s ,  and u s e  of r e s o u r c e s .  The a n a l y s i s  of t h e s e  
f a c t o r s  r e s u l t s  i n  t h e  unders tanding  of t h e  framework i n  which 
d e c i s i o n s  can be t aken  and systems s t r a t e g i e s  can be formula ted .  
These o p p o r t u n i t i e s  of cho ice  i n d i c a t e  t h e  v a r i a b l e s  t o  be con- 
s i d e r e d  i n  t h e  p lanning  p roces s ,  which a r e  more numerous t han  
t h e  v a r i a b l e s  of u sua l  economic, mathematical  models.  
We can  draw some conc lus ions  about  t h e  f u n c t i o n s  of systems 
a n a l y s i s  i n  s o c i a l  decis ionmaking p roces se s .  These f u n c t i o n s ,  
which a r e  c l o s e l y  r e l a t e d  t o  t h e  components of s o c i a l  p rocesses ,  
a r e  a s  fo l lows:  
- To unders tand  t h e  complexi ty of socio-economic 
systems;  
- To de termine  and r e c o n c i l e  c o n f l i c t i n g  o b j e c t i v e s ;  
- To a r r i v e  a t  a l t e r n a t i v e  s t r a t e g i e s  (models,  v a r i a n t s )  
based on t h e  a n a l y s i s  of o p p o r t u n i t i e s  of  cho ice ;  
- To guarantee the consistency of these strategies 
in a qualitative and quantitative sense, in physical 
and financial terms, internally and externally, and 
from the static and dynamic points of view, that is, 
taking time dependencies and sequences into account; 
- To define and find partial or sub-optima; 
- To determine a stable/resilient state/path of growth; 
and 
- To formalize the decisionmaking process. 
REGIONAL MANAGEMENT ACTIVITIES 
We shall focus our attention on managerial activities in 
and around the BITPC. 
By regional management, we mean the planning of a reqion 
and its operational management. Both of the activities related 
to a certain region are performed at various levels and by many 
governmental and economic management units. 
Our studies follow the various lines of manager iaZ a c t i v i t i e s .  
With regard to the BITPC we will deal with the following manage- 
rial functions: permanent analysis of the status and trends of 
regional development; data management; design and use of the sys- 
tem of data, normatives, balances and models used for forecasting, 
coordination, etc.; forecast and planning of the region; imple- 
mentation of the regional plans, monitoring, execution; and 
regional organization as a third dimension (not shown in Figure 1 ) . 
The framework of all the development documents is the system 
of data, normatives, balances, and mathematical models used for 
the elaboration of the concepts and plans for a region. Figure 2 
shows the principle structure of this system, which was developed 
over the last 20 years in several countries. The main emphasis 
is on the type of balances and models used. A scheme related to 
the stages and functions of planning would be different from that 
shown. 
The system of balances is still the major instrument of 
regional planning. Besides this, linear mathematical models are 
used to an increasing extent. 
I have given some information about IIASA's approach and 
some basic concepts of our studies on large-scale planning 
projects in order to provide background for the discussions of 
the BITPC. 
SUGGESTIONS FOR DISCUSSION OF THE BITPC 
At the TVA Conference, the discussion papers prepared in 
advance by the IIASA scientists proved to be very helpful in 
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c r e a t i n g  a d i a logue .  Hence, a t  t h i s  Conference we have prepared 
papers  i n  o r d e r  to :  
- Provide information about  IIASA's work on t h e  TVA and 
o t h e r  cases ;  
- Make sugges t ions  from IIASA's viewpoint  f o r  s t r u c t u r i n g  
t h e  d i scuss ion ;  
- Show our  understanding of t h e  concept  of t h e  BITPC and 
i t s  func t ion ing ,  and l i kewise  r e c e i v e  a d d i t i o n a l  i n f o r -  
mation; and 
- E s t a b l i s h  g u i d e l i n e s  f o r  t h e  f i e l d  s tudy  t o  t h e  Bra tsk  
Region, t o  be c a r r i e d  o u t  by IIASA s c i e n t i s t s  i n  June/ 
J u l y  of t h i s  year .  
The Sov ie t  papers  have presented  ve ry  va luab le  s c i e n t i f i c  
and t e c h n i c a l  informat ion  t h a t  has  c r e a t e d  t h e  d e s i r e  t o  ob ta in  
g r e a t e r  i n s i g h t  i n t o  t h e  exper iences  ga ined .  
Before we go i n t o  such d e t a i l s  i n  t h e  s e s s i o n s  t h a t  fo l low,  
I want t o  make some gene ra l  remarks about  t h e  concept  and s t r a t -  
e g i e s  f o r  t h e  BITPC. 
One of t h e  main c h a r a c t e r i s t i c s  of t h e  program of t h e  BITPC 
i s  t h a t  it has  always been an i n t e g r a l  p a r t  of t h e  long-range 
c o n s i d e r a t i o n s  f o r  t h e  o v e r a l l  development of t h e  e n t i r e  S o v i e t  
Union. I n  t h i s  c o n t e x t  t h e  Long-Term Plan of t h e  USSR f o r  1976- 
1990 and t h e  Master Scheme (1971-1980) f o r  t h e  A l l o c a t i o n  of 
Product ion  Forces  p l ay  an  important  r o l e .  I t  would be  very  i n -  
format ive  i f  t h e  Sov ie t  d e l e g a t e s  could  g i v e  u s  a d d i t i o n a l  i n -  
format ion  on t h e s e  documents. I n  p a r t i c u l a r  we would l i k e  t o  
know t h e  fo l lowing:  What s t a g e  of e l a b o r a t i o n  have t h e s e  docu- 
ments reached? How do they  i n t e r a c t  wi th  t h e  f ive -yea r  p l a n  of 
t h e  USSR? What i s  t h e  s t a t u s  of TPCs i n  t h e s e  documents? What 
i n f l u e n c e  have t h e s e  documents had on t h e  p a s t  and p r e s e n t  de- 
velopment of t h e  BITPC? What i s  t h e  procedure f o r  t h e  permanent 
updat ing  of t h e s e  documents? Are t h e r e  v a r i a n t s  and/or s t r a t e -  
g i e s  i n  t h e s e  long-range documents? 
A t  t h e  twen ty - f i f t h  Congress of t h e  Communist P a r t y  of t h e  
Sov ie t  Union, TPCs were d i scussed .  It was g e n e r a l l y  agreed t h a t  
improved methods a r e  needed f o r  so lv ing  l a r g e - s c a l e  problems i n  
s e v e r a l  branches and r eg ions .  A s i n g l e ,  coordina ted  c e n t r a l  pro- 
gram cover ing  a l l  s t a g e s  from des ign  t o  p r a c t i c a l  r e a l i z a t i o n  of 
such l a r g e  t a s k s  was c a l l e d  f o r .  The formula t ion  and implemen- 
t a t i o n  of  such programs must be based on a unique management sys-  
tem. I t  appears  t h a t  t h e  Sov ie t  l e a d e r s  cons ide r  t h e  f u r t h e r  
improvement of  t h e  management and planning procedures  of TPCs 
a s  a n  impor tant ,  i n t e g r a l  p a r t  of improvements t o  t h e  o v e r a l l  
system of management and planning.  
I n  t h e  e l a b o r a t i o n  and implementation of a  r e g i o n a l  program, 
account  should be taken  of t h e  f a c t  t h a t  many enterpr i ses- -mainly  
industrial--are planned and directed by leading bodies outside 
the region. In the USSR, for example, many enterprises and fac- 
tories are run by a Union Ministry. Many local problems have to 
be settled by the local governmental authorities. In this con- 
text we would also like to know more about the following: What 
interaction is there between local and central or centrally- 
controlled organizational management units in the planning and 
implementation phases? What is the method for resolving con- 
flicting interests (related, for example, to problems of housing, 
siting, waste disposal, environmental protection, increase in the 
number of employees)? What are the financial arrangements be- 
tween local authorities and centrally-planned enterprises? 
In the planning process the opportunity of choice plays an 
important role, and information about alternative strategies 
gives insight into a certain program. For this reason, it would 
be very helpful to obtain detailed information about alternative 
strategies or variants for the BITPC and about the selection of 
the current variant. In this connection we would like to know 
the following: Were there any other alternatives to the Bratsk- 
Ilimsk Program? What is the procedure for variant selection? 
What criteria are used? What criteria are used for the alloca- 
tion of specialized production, which is of national importance, 
in case of two or more different sites with similar natural re- 
source deposits? Have there been or are there different con- 
cepts for the development of the BITPC? Who decides these and 
how? Are documents available giving a comprehensive descrip- 
tion of the plans of the BITPC? 
We look forward to having an interesting and fruitful dis- 
cussion and to exchanging ideas and experiences. 
I would like to thank the authors of the Conference papers, 
their institutes, and the USSR State Committee for Science and 
Technology, for the excellent work they have done to make this 
Conference possible. 
Long-Term Planning i n  t h e  USSR and 
Decisionmaking f o r  t h e  Development of t h e  BITPC 
L.I. Gramoteyeva 
PLANNING SYSTEM I N  THE USSR 
I n  t h e  USSR, t h e  p lanning  of t h e  n a t i o n a l  economy is  t h e  
c e n t r a l  l i n k  i n  t h e  o v e r a l l  system of s c i e n t i f i c  management of 
t h e  s o c i a l i s t  economy. The system of planning bodies  of t h e  
n a t i o n a l  economy inc ludes  c e n t r a l  and l o c a l  gene ra l  planning 
bod ie s ,  headed by t h e  S t a t e  Planning Committee, and a ramif ied  
network of departmental  (managerial)  planning organs subordina- 
t e d  t o  t h e  g e n e r a l  planning bodies .  The system of planning 
bodies  i s  r e s p o n s i b l e  f o r  formula t ing  n a t i o n a l  economic p l a n s  
f o r  t h e  development of o v e r a l l  s o c i a l  product ion  and t h a t  of  
i n d i v i d u a l  s e c t o r s .  
The coord ina t ion  of s o c i a l  and economic i n t e r e s t s  i s  one 
of t h e  most impor tant  f e a t u r e s  of  n a t i o n a l  economy planning i n  
t h e  USSR. 
I n  accordance wi th  t h e  C o n s t i t u t i o n  of t h e  USSR, develop- 
ment p l a n s  of  t h e  Sov ie t  economy a r e  cons idered  and approved by 
t h e  Supreme Sov ie t ;  i n  t h e  Union and Autonomous Republics ,  t h i s  
i s  t h e  f u n c t i o n  o f  t h e  Republic Supreme Sov ie t s ,  and i n  t h e  t e r -  
r i t o r i e s ,  r eg ions ,  d i s t r i c t s  and c i t i e s ,  l o c a l  organs of  s t a t e  
power a r e  t h e  r e s p o n s i b l e  bodies .  
D r a f t  p l a n s  a r e  worked o u t  by t h e  t o p  execu t ive  bodies ,  i . e . ,  
t h e  Council of  Min i s t e r s  and t h e  Councils  of  M i n i s t e r s  of  Union 
Republics ,  and a r e  submit ted f o r  approval  t o  t h e  Union and Auton- 
omous Republics .  
The planning of t h e  Sov ie t  n a t i o n a l  economy i s  based on t h e  
p r i n c i p l e  of coo rd ina t ing  t h e  c e n t r a l i z e d  p l an ,  which sets b a s i c  
growth r a t e s  and g o a l s  f o r  economic development, and t h e  indepen- 
den t  a c t i v i t i e s  of  l o c a l  bodies ,  t e r r i t o r i a l - p r o d u c t i o n  a s soc ia -  
t i o n s  and e n t e r p r i s e s  which des ign  measures f o r  achieving  t h e s e  
goa l s .  
Cen t r a l i zed  p l ans ,  worked o u t  and endorsed a t  a l l  l e v e l s  of  
economic management, have t h e  c h a r a c t e r i s t i c  of a  d i r e c t i v e .  The 
o b l i g a t o r y  n a t u r e  of  approved planned assignments i s  combined 
wi th  t h e  use  of  economic l eve r s - -p r i ce  c o n t r o l s ,  c r e d i t s ,  a l l o t -  
ment of  a  s h a r e  of p r o f i t s  t o  t h e  funds  of e n t e r p r i s e s  and amal- 
gamations, bonuses, e tc . - -as  i n c e n t i v e s  f o r  f u l f i l l i n g  n a t i o n a l  
economic p l a n s  and r a i s i n g  t h e  e f f i c i e n c y  of  s o c i a l  product ion .  
The development of t h e  n a t i o n a l  economy based on c e n t r a l -  
ized  planning makes it p o s s i b l e  t o  r a t i o n a l l y  combine branch 
and t e r r i t o r i a l  planning,  and t o  t a k e  i n t o  account  t h e  r egu la r -  
i t i e s  i n  t h e  t e r r i t o r i a l  d i v i s i o n  of l abor .  Rat ional  p lanning 
of t h e  t e r r i t o r i a l  s t r u c t u r e  of s o c i a l  product ion  is important  
i n  t h e  country  which has  15 Union Republics and 19 l a r g e  eco- 
nomic r eg ions  t h a t  extend over a  v a s t  t e r r i t o r y .  
The s u b s t a n t i a t i o n  of t h e  branch and t e r r i t o r i a l  s t r u c t u r e  
of production i s  an important  a s p e c t  of t h e  economic development 
p lan .  For example, t h e  p l an  c o n t a i n s  d i r e c t i o n s  about  t h e  r a t e  
of  r e g i o n a l  economic development, c a p i t a l  c o n s t r u c t i o n ,  l a b o r  
f o r c e  requirements,  and l i v i n g  s t anda rds  of t h e  popula t ion .  
Coordinating c u r r e n t  and long-term planning,  wi th  long- 
term p lan  p laying t h e  major r o l e ,  has been an  important  f e a t u r e  
of n a t i o n a l  economic development p l ans  a t  a l l  l e v e l s  i n  t h e  
USSR. Th i s  p r i n c i p l e  formed t h e  b a s i s  of t h e  c o u n t r y ' s  f i r s t  
long-term p lan ,  t h e  GOELRO, formulated i n  1920, and has been 
incorpora ted  i n  t h e  subsequent a c t i v i t i e s  of t h e  S t a t e  Planning 
Committee. A t  t h e  1926 Congress of t h e  Presidiums of t h e  S t a t e  
Planning Committee, t h r e e  main func t ions  of s o c i a l i s t  p lanning 
were def ined:  e l abora t ing  t h e  Master Plan f o r  t h e  recons t ruc-  
t i o n  of t h e  n a t i o n a l  economy f o r  10 t o  15 yea r s ;  drawing up a  
long-term plan  f o r  a  f ive-year  per iod;  and e s t ima t ing  f i g u r e s  
f o r  t h e  next  f i s c a l  yea r .  Cur ren t ly ,  broadening t h e  scope of 
t h e  Master Plan i s  a  major r e q u i s i t e  f o r  i t s  in f luence  on t h e  
c o u n t r y ' s  s o c i a l  production.  
The growing ma tu r i ty  of t h e  Sov ie t  economy and c u l t u r e  
makes it p o s s i b l e  t o  d e a l  with complex s c i e n t i f i c ,  t echno log ica l  
and socio-economic t a s k s .  Thei r  s o l u t i o n s ,  a s  a  r u l e ,  go beyond 
f ive-year  p l a n s  and c a l l  f o r  t h e  development of long-range fo re -  
c a s t s  of  s o c i a l  requirements and production.  Long-term planning,  
i n  t h i s  case  f ive-year  p l ans ,  a l lows one t o  e s t a b l i s h  g o a l s  f o r  
f u r t h e r  development, so lve  major t echno log ica l  and socio-eco- 
nomic t a s k s  i n  s t a g e s ,  and implement l a rge - sca le  comprehensive 
programs. Such a  system of planning ensu res  c o n t i n u i t y  of plan- 
ned t a r g e t s ,  l e s s e n s  t h e  in f luence  t h a t  e x i s t i n g  t r e n d s  have on 
t h e  development and a l l o c a t i o n  of product ive  f o r c e s ,  broadens 
t h e  choice  of economic s o l u t i o n s ,  and makes it p o s s i b l e  t o  use  
modern methods of planning t h e  n a t i o n a l  economy. 
PLANNING FOR THE BITPC 
The drawing up of l a rge - sca le  comprehensive r e g i o n a l  pro- 
grams is one of t h e  most important  means f o r  improving t h e  de- 
velopment of new t e r r i t o r i e s  and f o r  inc reas ing  t h e  e f f i c i e n c y  
of s o c i a l  production i n  t h e s e  regions ;  t h i s  is e s p e c i a l l y  i m -  
p o r t a n t  f o r  t e r r i t o r i e s  i n  S i b e r i a ,  t h e  Fa r  Eas t  and t h e  Far 
North. 
Cur ren t ly ,  a  long-term p lan  f o r  n a t i o n a l  economic develop- 
ment f o r  t h e  per iod  1976-1990 i s  being drawn up. Large-scale,  
comprehensive i n t e r s e c t o r i a l ,  i n t e r r e g i o n a l  programs a r e  being 
developed a s  t h e  most impor tant  p a r t  of t h i s  p lan .  For example, 
t h e  p l an  inc ludes  a  program f o r  t h e  use  of  r e sources  of t h e  
Kursk Magnetic Anomaly, an  i n t e r s e c t o r i a l  program f o r  a g r i c u l -  
t u r a l  growth i n  t h e  nonblack e a r t h  zone of t h e  European p a r t  of 
t h e  USSR, a  program f o r  t h e  development and comprehensive use  
of o i l  and g a s  r e sources  i n  t h e  West S i b e r i a n  p l a i n ,  and a  pro- 
gram f o r  t h e  optimal  u se  of f u e l  and power, minera l  raw ma te r i -  
a l s ,  and water  and t imber r e sources  of  Eas t  S i b e r i a .  
The development of t h e  Bratsk-I l imsk T e r r i t o r i a l  Production 
Complex (BITPC) i s  another  example of a  program of t h i s  t ype .  
The BITPC i s  o f  n a t i o n a l  importance s i n c e  it has  developed high- 
l y  e f f e c t i v e  power r e sources  i n  t h e  e a s t e r n  r eg ions  of t h e  coun- 
t r y ,  and c r e a t e d  l a r g e - s c a l e  power-intensive i n d u s t r i e s  t h a t  a r e  
t h e  main l i n k  i n  t h e  countrywide s p e c i a l i z a t i o n  of  t h e  complex. 
On a  nat ionwide s c a l e ,  t h i s  means i d e n t i f y i n g  p o s s i b i l i t i e s  f o r  
improving t h e  f u e l  and power ba lance  i n  t h e  European p a r t  of  t h e  
count ry .  The BITPC makes an important  c o n t r i b u t i o n  t o  inc reased  
economic e f f i c i e n c y  of  s o c i a l  production.  For example, because 
of t h e  power-intensive i n d u s t r i e s  l oca t ed  t h e r e ,  it has  been pos- 
s i b l e  t o  r e a l i z e  an  economy of about  10 t o  12 roub le s  pe r  t o n  of 
convent ional  f u e l ;  moreover t h e  product ion  c o s t  of one t o n  of  
aluminium i s  approximately two t imes  l e s s  t h a n  t h a t  i n  t h e  
European r e g i o n s  of t h e  count ry .  
The development p l ans  of t h e  BITPC inc lude  s e v e r a l  s t a g e s ;  
among t h e  major ones a r e  t h e  fo l lowing:  
- Analyzing t h e  c u r r e n t  l e v e l  of  economic development of 
t h e  r eg ion ;  e v a l u a t i n g  t h e  t echno log ica l ,  economic, 
s o c i a l ,  and n a t u r a l  c o n d i t i o n s  and r e q u i s i t e s  f o r  form- 
ing  t h e  r a t i o n a l  s t r u c t u r e  of t h e  BITPC; 
- S e l e c t i n g  and s u b s t a n t i a t i n g  t h e  aims s e t  by t h e  c e n t r a l -  
i zed  p l an  f o r  an  a p p r o p r i a t e  planning pe r iod  wi th  r e l a -  
t i o n  t o  t h e  BITPC; d e f i n i n g  t h e  gene ra l  s c i e n t i f i c  ap- 
proach f o r  achieving  economic development and s o l v i n g  
key socio-economic t a s k s ;  
- Formulat ing a  coordina ted  system of economic and s o c i a l  
measures f o r  e f f i c i e n t l y  achieving  t h e  goa l  s e t ;  d e t e r -  
mining t h e  production l e v e l s ,  t h e  i n t e r s e c t o r i a l  s t r u c -  
t u r e  of t h e  BITPC and t h e  r a t i o n a l  forms of t h e  i n t e r -  
n a l  o r g a n i z a t i o n  of economy; 
- Reconci l ing  and coord ina t ing  branch and t e r r i t o r i a l  
a s p e c t s  of  t h e  economic development of t h e  BITPC; coor- 
d i n a t i n g  a  s tepwise  system of planned t a r g e t s  s e t  f o r  
t h e  i n t e r s e c t o r i a l  complex wi th  t h e  gene ra l  n a t i o n a l  
economic p l an  f o r  t h e  same per iod .  
- Forecas t ing  new t e c h n o l o g i c a l ,  economic and socio-eco- 
nomic t r e n d s  and economic s i t u a t i o n s  i n  t h e  BITPC. 
A t  t h e  i n i t i a l  s t a g e  of t h e  Region's  development, informa- 
t i o n  is  obta ined  on s o c i a l  product ion ,  major i n d u s t r i e s ,  and 
i n c r e a s e s  i n  l i v i n g  s t anda rds  s i n c e  t h e  l a s t  planned pe r iod .  
Analyses of  t h e  d a t a  i n d i c a t e  a r e a s  f o r  improving product ion  
growth r a t e s  and e f f i c i e n c y ,  and f o r  d e t e c t i n g  b o t t l e n e c k s  and 
shortcomings i n  t h e  comprehensive development of t h e  economy. 
The summing up of t h e  r e s u l t s  of t h e  preceding f ive-year  p l a n  
and t h e  a n a l y s i s  of  t h e  r e s u l t s  o f  t h e  i n i t i a l  s t a g e  a r e  u s u a l l y  
done on t h e  b a s i s  o f  t h e  fo l lowing economic and s o c i a l  i n d i c e s :  
t h e  g r o s s  ou tpu t  of i n d u s t r y  and a g r i c u l t u r e ,  t h e  amount of 
c a p i t a l  inves tments ,  average monthly wages and s a l a r i e s  of waged 
and s a l a r i e d  workers ,  and i n d i c a t o r s  of t h e  e f f i c i e n c y  of mate- 
r i a l  product ion  such a s  l a b o r  p r o d u c t i v i t y ,  r e t u r n s  on a s s e t s ,  
and q u a l i t y  of goods produced. 
Le t  u s  examine t h e  development process  of  t h e  long-term 
p l a n  f o r  t h e  Bratsk-I l imsk Complex. A number of p r i n c i p l e s  
u n d e r l i e  t h e  e l a b o r a t i o n  of t h i s  p l an .  A head o r g a n i z a t i o n  i s  
s e l e c t e d  f o r  e l a b o r a t i n g  and s c i e n t i f i c a l l y  s u b s t a n t i a t i n g  p l a n s  
f o r  t h e  development and a l l o c a t i o n  of  t h e  product ive  f o r c e s  i n  
t h e  count ry  and i n  i n d i v i d u a l  r eg ions ,  i nc lud ing  t h e  BITPC which 
s e r v e s  a s  a  coo rd ina t ing  c e n t e r .  This  o r g a n i z a t i o n  then  e n l i s t s  
t h e  a s s i s t a n c e  of a p p r o p r i a t e  i n s t i t u t e s  and government m i n i s t r i e s  
and departments;  o b t a i n s  f inances  f o r  t h e  work based on t h e  gov- 
ernment p l an ;  provides  a  uniform approach f o r  drawing up t h e  
program; and oversees  t h e  phased implementation of t h e  program 
t h a t  i nco rpora t e s  t h e  most e s s e n t i a l  t a r g e t s  and i n d i c e s  of t h e  
n a t i o n a l  economic p l an .  A s  r ega rds  t h  BITPC, a  dynamic model 
of economic growth of t h e  Region has  been used; programs f o r  
so lv ing  i n d i v i d u a l  branch,  r e g i o n a l  and gene ra l  economic prob- 
lems a r e  t h e  components of t h e  gene ra l  model of t h e  Region. 
The hypothes is  i s  developed i n  fou r  s t a g e s .  The f i r s t  
s t a g e  i s  t h e  formula t ion  of a  gene ra l  s c i e n t i f i c  concept  r e f l e c t -  
i ng  t h e  aims and d i r e c t i o n s  of  t h e  economic and s o c i a l  develop- 
ment of t h e  Region a s  p a r t  of t h e  n a t i o n a l  economy; t h e  concept  
s e r v e s  a s  a  connect ing  l i n k  between long-term, medium-term, 
and c u r r e n t  p l ans .  
The second s t a g e  i s  t h e  e l a b o r a t i o n  of t h e  b a s i c  d i r e c t i o n s  
of  economic growth of  t h e  Region, and t h e  e l u c i d a t i o n  of i t s  
major t echno log ica l ,  p roduct ion ,  economic and s o c i a l  problem 
a r e a s  and t h e i r  coo rd ina t ion  wi th in  t h e  framework of t h e  na t ion -  
a l  economic plan.  
The t h i r d  s t a g e  is t h e  development of  a  comprehensive i n t r a -  
r e g i o n a l  scheme f o r  i n d u s t r i a l  growth and l o c a t i o n  of product ion  
i n  d i s t r i c t s ,  i n d u s t r i a l  c e n t e r s  and product ion  complexes, tak-  
i ng  i n t o  c o n s i d e r a t i o n  such f a c t o r s  a s  t h e  e x i s t i n g  s e t t l e m e n t  
p a t t e r n ,  r e g i o n a l  cond i t ions  f o r  r a t i o n a l  manpower u t i l i z a t i o n ,  
and t h e  economic use  of n a t u r a l  r e sources .  
I n  t h e  f o u r t h  s t a g e  t h e r e  i s  s u b s t a n t i a t i o n  of v a r i o u s  
v e r s i o n s  of i n t e r s e c t o r i a l ,  i n t r a r e g i o n a l  development of t h e  
product ive  f o r c e s  of  t h e  r eg ion ,  us ing  a  system of mathematic 
models of  economy t o  s e l e c t  a n  optimum v e r s i o n  t h a t  s y n t h e s i z e s  
branch and r e g i o n a l  development p l a n s  of  t h e  BITPC. 
I n  t h e  formation and implementation of t h e  long-term devel -  
opment p l a n  of t h e  BITPC, account  i s  t aken  of  t h e  need t o  main- 
t a i n  cont inuous  p ropor t iona l  growth and a  c o n s t a n t  balanced 
development of  v a r i o u s  s e c t o r s  of  t h e  p roduc t ive  and nonpro- 
d u c t i v e  sphere ,  main ta in ing  a  comprehensive i n t r a r e g i o n a l  devel-  
opment of  t h e  product ive  f o r c e s  and a  g r e a t e r  e f f i c i e n c y  of  so- 
c i a l  product ion .  
S p e c i a l  a t t e n t i o n  i s  paid t o  s u b s t a n t i a t i n g  t h e  development 
r a t e  of  t h a t  production sphere  whose s e c t o r s  r a t i o n a l l y  use  l o -  
c a l  n a t u r a l  r e sources .  
These o b j e c t s  of  t h e  complex a r e  s ing led  o u t  a s  o b j e c t s  
of  i t s  s p e c i a l i z a t i o n ,  i . e . ,  key i n d u s t r i e s  a r e  c r e a t e d  f o r  t h e  
j o i n t  f u l f i l m e n t  of  t h e  p lan  f o r  n a t i o n a l  economic development. 
The product ive  c a p a c i t i e s  of such i n d u s t r i a l  o b j e c t s  a r e  p a r t  
of  a  s t a t e  system of  in terconnected  and in terdependent  s e c t o r s  
of  product ion  t h a t  f e a t u r e s  a  p ropor t iona l  development. The 
s u b s t a n t i a t i o n  of t h e  development of t h e s e  s e c t o r s  i nvo lves  
a  comparat ive techno-economic e v a l u a t i o n  of va r ious  a r e a s  f o r  
t h e i r  l o c a t i o n ,  w i th  due  account  of  t h e  l i n k s  between t h e  g iven  
i n d u s t r y  and r e l a t e d  product ion  s e c t o r s .  Versions of t h e  forma- 
t i o n  of  t h e  product ion  complex, by f i e l d s  of s p e c i a l i z a t i o n ,  
a r e  worked o u t  on t h e  b a s i s  of  i t s  v e r t i c a l  (product ive ,  tech-  
n o l o g i c a l )  and h o r i z o n t a l  (product  market ing) connect ions .  The 
u n i t y  of p r o d u c t i v e - t e r r i t o r i a l  t i e s  and t h e  completeness of  
t h e  product ion  c y c l e  ensu re ,  a s  a  r u l e ,  c o s t  s av ings ,  and a r e  
a  major f a c t o r  i n  r a i s i n g  t h e  economic e f f i c i e n c y  of product ion .  
The h o r i z o n t a l  t i e s  of a  product ion  u n i t  make it p o s s i b l e  
t o  c a l c u l a t e  t h e  expense of  t r a n s p o r t i n g  f i n i s h e d  products  t o  
markets;  such t i e s  should a l s o  be taken i n t o  account  i n  evalu-  
a t i n g  p o s s i b l e  v a r i a n t s  of t h e  t e r r i t o r i a l  d i s t r i b u t i o n  of i n -  
d u s t r i e s .  
The i n t e r s e c t o r i a l  complex of s p e c i a l i z a t i o n  on t h e  t e r r i -  
t o r y  of  t h e  BITPC has  been c r e a t e d  on t h e  b a s i s  both  of tech-  
n o l o g i c a l  ( v e r t i c a l )  t i e s  (e .g.  product ion  of  e l e c t r i c  power 
and e l e c t r o l y s i s  of aluminium, f e l l i n g  and t r a n s p o r t a t i o n  of 
wood and woodprocessing) and o f  t h e  t e r r i t o r i a l  u n i t y  of  t h e  
sou rces  of  raw m a t e r i a l s  ( e .g . ,  hydroresources ,  c o a l ,  f o r e s t s ) .  
The development p rospec t s  f o r  v a r i o u s  f i e l d s  o f  s p e c i a l -  
i z a t i o n  of  t h e  BITPC a r e  e l abora t ed  wi th  due r ega rd  t o  r a t i o n a l  
i n t e r r e g i o n a l  t i e s  r equ i r ed  f o r  market ing f i n i s h e d  products ;  
hence, they a l s o  t a k e  i n t o  account  h o r i z o n t a l  t ies .  Cur ren t ly ,  
t h e  main products  of  t h e  complex (e .g .  e l e c t r i c  power, wood, 
i ron-ore  concen t r a t e s ,  aluminium) a r e  e x t e n s i v e l y  exchanged f o r  
cormnodit i e s  produced i n  o t h e r  r eg ions .  
The a c c e l e r a t e d  c o n s t r u c t i o n  o f  t h e  B r a t s k  hydropower s t a -  
t i o n  (HPS) c a l l e d  f o r  t h e  c o o r d i n a t i o n  o f  d e a d l i n e s  f o r  t h e  be- 
g i n n i n g  and t h e  comple t ion  of  t h e  c o n s t r u c t i o n  of  t h e  B r a t s k  
aluminium p l a n t ,  which is  t h e  main consumer of  electric power 
i n  t h i s  a r e a .  A s  a  r e s u l t  o f  such  c o o r d i n a t e d  dec i s ionmaking  
e x p e n d i t u r e s  have been c u t  by approximate ly  o n e - t h i r d  a s  com- 
pared  w i t h  t h o s e  t h a t  might  have r e s u l t e d  i n  t h e  c a s e  of  uncoor- 
d i n a t e d  d e c i s i o n s .  Such e s t i m a t e s  a r e  used t o  de t e r mine  t h e  
most impor t an t  i n d i c e s  c h a r a c t e r i z i n g  t h e  p r o c e s s  o f  t h e  forma- 
t i o n  of  an  i n t e r s e c t o r i a l  complex, namely g e n e r a l  d e a d l i n e s  o f  
c o n s t r u c t i o n ,  s c h e d u l e s  f o r  t h e  s imu l t aneous  commissioning of  
i n d i v i d u a l  o b j e c t s  and t h e i r  component p a r t s ;  p lanned  t ime-coor-  
d i n a t e d  o r g a n i z a t i o n  of  c o n s t r u c t i o n  and assembly work w i t h i n  
t h e  framework o f  t h e  complex; c o m p i l a t i o n  of  annua l  b a l a n c e s  of 
manpower r equ i r emen t s  f o r  b u i l d i n g  t h e  o b j e c t s ,  and l a b o r  b a l -  
ance s  r e q u i r e d  f o r  t h e  e x p l o i t a t i o n  of t h e s e  o b j e c t s .  
These i n d i c e s  p r o v i d e  t h e  o b j e c t i v e  p r e r e q u i s i t e s  f o r ,  and 
i n i t i a l  d a t a  on ,  t h e  f u r t h e r  promotion of t h e  t e r r i t o r i a l - p r o -  
d u c t i o n  s t r u c t u r e  o f  t h e  complex. W e  r e f e r  h e r e  t o  t h e  deve l -  
opment of a u x i l i a r y  b r anches  of  p r oduc t i on ,  t h e  most impor t an t  
o f  which a r e  t h e  fo l l owing :  a  program f o r  deve lop ing  t h e  capac-  
i t i e s  o f  t h e  c o n s t r u c t i o n  ba s e ;  a  program f o r  s e t t i n g  up i n t e -  
g r a t e d  power f a c i l i t i e s  aimed a t  mee t ing  t h e  h e a t  and power 
needs  o f  i n d u s t r i a l  and communal e n t e r p r i s e s ;  a  program o f  e x t e r -  
n a l  and i n t e r n a l  t r a n s p o r t  c o n s t r u c t i o n ;  a  program f c r  c r e a t i n g  
a  s i n g l e  r e p a i r  shop  system; and a  program f o r  i n d u s t r i a l  and 
urban  wa t e r  supply  and envi ronmenta l  p r o t e c t i o n .  
I n  accordance  w i t h  t h e  scheme adopted f o r  t h e  f o r ma t ion  of  
t h e  BITPC, each  of  t h e  programs h a s  d e f i n e d  f u n c t i o n s ,  and t h e  
complex a s  a  whole h a s  a  comple te  t e r r i t o r i a l - p r o d u c t i o n  c y c l e .  
I n  forming t h e  t e r r i t o r i a l  s t r u c t u r e  and i n  de t e r min ing  
development  l e v e l s  o f  t h e  BITPC, accoun t  i s  t a k e n  of i t s  perma- 
n e n t  t i e s  w i t h  t h e  long-term n a t i o n a l  economic p l a n .  Thus, t h e  
e v a l u a t i o n  o f  n a t u r a l  and manpower r e s o u r c e s  i n  t h e  Region de- 
pends on t h e  p r o s p e c t s  f o r  t h e  f o r ma t ion  of  count rywide  b a l -  
a n c e s  f o r  co r r e spond ing  r e s o u r c e s .  A compara t ive  techno-eco- 
nomic e v a l u a t i o n  of t h e  e f f i c i e n c y  of  u s i n g  v a r i o u s  k i n d s  of  
raw m a t e r i a l s ,  f u e l ,  power, t imbe r  and wa t e r  r e s o u r c e s  i n  t h i s  
and o t h e r  r e g i o n s  is  c a r r i e d  o u t  i n  accordance  w i t h  All-Union 
i n d i c e s .  I n  a s c e r t a i n i n g  long- te rm s c a l e s ,  s t r u c t u r e  and de-  
velopment l e v e l s  o f  v a r i o u s  s e c t o r s  of m a t e r i a l  p r oduc t i on  i n  
t h e  Region, a t t e n t i o n  i s  pa id  t o  c o o r d i n a t i n g  t h e s e  w i t h  t h e  
o p t i m a l  p l a n s  o f  Union m i n i s t r i e s  and depa r tmen t s  f o r  t h e  de- 
velopment and l o c a t i o n  o f  r e s p e c t i v e  b r anches  of  p r oduc t i on .  
The c r e a t i o n  of l a r g e  p r oduc t i on  c e n t e r s  w i th  narrow sec-  
t o r i a l  s p e c i a l i z a t i o n  and h i g h l y  c o n c e n t r a t e d  i n d u s t r i e s  is 
t y p i c a l  o f  t h e  development o f  t h e  t e r r i t o r y  of  t h e  Bra t sk-  
I l imsk  Complex. C u r r e n t l y ,  t h r e e  such  p r oduc t i on  c e n t e r s  have 
been e s t a b l i s h e d ;  t h e  l a r g e s t  is t h e  Br a t s k  Cen t e r  whose de- 
velopment  was i n f l u e n c e d  ma in ly  by t h e  c o n s t r u c t i o n  of t h e  
Bratsk HPS, an  aluminium p l a n t ,  a  t imber i ndus t ry  complex, a  
f e r ro -conc re t e  cons t ruc t ion  p l a n t  and r e p a i r  shops.  The town 
of Zheleznogorsk i s  an  i ron -o re  mining c e n t e r ,  and another  town, 
Ust-I l imsk,  i s  being b u i l t  mainly a s  a  power producing c e n t e r .  
A "production c e n t e r "  i s  def ined  a s  an i n t e r s e c t o r i a l  com- 
p l ex  s e t  up on a  compact t e r r i t o r y  a s  a  s i n g l e  economic u n i t ,  
with balanced development of  va r ious  product ive  and nonproduc- 
t i v e  s e c t o r s  provid ing  f o r  a  h igh ly  e f f i c i e n t  t e r r i t o r i a l  orga-  
n i z a t i o n  of t h e  product ive  f o r c e s .  
A major source  of  economy i n  developing t h e  program f o r  t h e  
i n t e r n a l  o rgan iza t ion  of t h e  BITPC is a  s p e c i f i c  o r g a n i z a t i o n a l  
p a t t e r n  of  t h e  product ive  f o r c e s ,  which provides  f o r  r a t i o n a l  
schemes f o r  combined and coope ra t ive  e f f o r t s ;  s t anda rd ized  en- 
g i n e e r i n g  s t r u c t u r e s  and communications; common economic t i e s  
developed through j o i n t  a u x i l i a r y  and s e r v i c i n g  i n d u s t r i e s ;  an  
i n t e g r a t e d  c o n s t r u c t i o n  i n d u s t r y ,  power and water  supply sys-  
tems, t r a n s p o r t a t i o n  system, e t c .  
The group l o c a t i o n  o f  product ion  u n i t s  c r e a t e s  more favor-  
a b l e  cond i t ions  f o r  improving t h e  system of human s e t t l e m e n t s ,  
f o r  r a t i o n a l l y  us ing  t h e  l a b o r  f o r c e  wi th  due r ega rd  t o  t h e  sex ,  
age,  and occupa t iona l  composit ion of t h e  popu la t ion ,  and f o r  
b e t t e r  s a t i s f y i n g  t h e  m a t e r i a l  and c u l t u r a l  needs of t h e  people.  
I n  t h e  c r e a t i o n  and development of  t h e  BITPC, c a l c u l a t i o n s  
have been made a t  each l e v e l  t o  determine t h e  t e r r i t o r i a l  and 
i n t e r s e c t o r i a l  o rgan iza t ion  of  product ion ,  and a l t e r n a t i v e  eco- 
nomic s i t u a t i o n s  a r e  analyzed t o  f i n d  t h e  optimum, a t t e n t i o n  i s  
paid  t o  t h e i r  methodological and p r a c t i c a l  comparabi l i ty .  Ver- 
s i o n s  a r e  comparable i f :  t h e  accepted methods of c o s t  evalu-  
a t i o n  a r e  i d e n t i c a l ;  a l l  e lements  of expend i tu re s  a r e  taken  i n t o  
account  i n  compliance with a  common comparable l i s t ;  i n i t i a l  in-  
format ion  i s  handled us ing  a  s i n g l e  p r i n c i p l e ;  and i n  a l l  ver-  
s i o n s  products  perform t h e  same r o l e  i n  s a t i s f y i n g  s o c i e t y ' s  
requi rements ,  o r  a r e  i n t e rchangeab le .  
For e v a l u a t i o n  and s e l e c t i o n  of  an  optimum scheme f o r  t h e  
comprehensive development of t h e  product ive  f o r c e s  of t h e  BITPC, 
mathematical  models a r e  used t h a t  make it p o s s i b l e  t o  ana lyze  
t h e  e f f i c i e n c y  of  t h e  complex's t e r r i t o r i a l  o r g a n i z a t i o n  i n  
terms of  i t s  e f f e c t  on t h e  f u t u r e  development of t h e  n a t i o n a l  
economy. 
The comprehensive Master Scheme f o r  developing and l o c a t i n g  
t h e  product ive  f o r c e s  f o r  t h e  per iod  1971-1980 a t  t h e  n a t i o n a l  
l e v e l  i s  almost  complete; 600 r e s e a r c h ,  des ign  and p lanning  
o r g a n i z a t i o n s  and 20,000 s c i e n t i s t s  and engineers  from t h e  
USSR have p a r t i c i p a t e d  i n  i t s  prepa ra t ion .  The Scheme i s  a  sci- 
e n t i f i c a l l y  s u b s t a n t i a t e d  document determining t h e  p rospec t s  f o r  
economic and c u l t u r a l  development i n  t h e  Union Republ ics ,  eco- 
nomic r eg ions ,  r e g i o n a l  economic and t e r r i t o r i a l - p r o d u c t i o n  com- 
p l exes ;  it i s  p a r t  of t h e  economic planning system. The Scheme 
prov ides  t h e  b a s i s  f o r  making s tepwise  p lanning  d e c i s i o n s  f o r  
t h e  a l l o c a t i o n  of v a r i o u s  i n d u s t r i e s  and t h e  comprehensive devel-  
opment of r e g i o n a l  economy. 
The Master Scheme o u t l i n e s  p rospec t s  f o r  s e t t i n g  up and de- 
ve lop ing  t h e  BITPC f o r  t h e  cor responding  planned per iod .  The 
c o n s t r u c t i o n  of  t h e  Bra tsk  HPS i s  t h e  most important  s t a g e  of 
planned d e c i s i o n s  f o r  t h e  r eg ion .  The Bra tsk  s t a t i o n  i s  one of 
s i x  p o s s i b l e  s t a t i o n s  o f  t h e  Angara cascade;  t h e  f i r s t  f o u r  
u n i t s ,  each w i t h  a c a p a c i t y  of 225,000 kW, were commissioned i n  
1961. The main s t r u c t u r e s  of t h e  hydroengineering complex--the 
dam, t h e  power house, bus-and-switch s t r u c t u r e s ,  and b r i d g e  
passes--are compactly s i t u a t e d  i n  a narrow 5 km s t r i p .  
Power product ion  and power-intensive i n d u s t r i e s  form t h e  
base of  t h e  r e g i o n ' s  complex. The d e c i s i o n s  t o  c o n s t r u c t  i n  
t h e  p l an  pe r iod  1958 t o  1965 t h e  Bratsk aluminium works and a 
woodworking complex marked t h e  beginning of t h e  s imultaneous 
commissioning of power c a p a c i t i e s  of t h e  Bra tsk  HPS. A l l  t h e  
u n i t s  of t h e  Bra tsk  aluminium works, which number about  40, a r e  
s i t u a t e d  on a v a s t  t e r r i t o r y  of  160 h e c t a r e s ;  t h e  f i r s t  meta l  
was produced i n  1 966. 
The woodworking complex has  12 u n i t s ,  e i g h t  of which a r e  
engaged i n  wood process ing .  Th i s  p r o j e c t  was t o  be f u l l y  oper-  
a t i o n a l  d u r i n g  t h e  e i g h t h  f ive -yea r  p l a n  pe r iod .  
I n  t h e  cour se  of  bu i ld ing  major u n i t s  of t h e  complex, sw- 
e r a 1  new a u x i l i a r y  o b j e c t s  appeared.  
The development of t h e  i ron-ore  i n d u s t r y  a t  t h e  BITPC has  
n a t i o n a l  importance s i n c e  it i s  p a r t  of  t h e  n a t i o n a l  p l a n  t o  
develop  t h e  t h i r d  m e t a l l u r g i c a l  base  of  t h e  count ry .  Favorable 
t r a n s p o r t a t i o n  t i e s  and cons ide rab le  amounts of o r e  i n  t h e  
Korshunovo d e p o s i t  have determined t h e  s t epwise  development pro- 
c e s s  o f  t h e  Angara-Ilimsk i ron-ore  bas in .  Comparatively r i c h  
r e s o u r c e s  of t h i s  d e p o s i t ,  good q u a l i t y  o r e  and f avorab le  con- 
d i t i o n s  f o r  bedding have f a c i l i t a t e d  t h e  e s t ab l i shmen t  of cheap 
open-cast  mining here .  The Korshunovo ore-dress ing  p l a n t  has  
been o p e r a t i o n a l  on t h e  b a s i s  of t h i s  d e p o s i t  s i n c e  1971; its 
annual  capac i ty  i s  es t ima ted  a t  12 m i l l i o n  t o n s .  Cur ren t ly ,  
i ron-ore  c o n c e n t r a t e  i s  shipped t o  West S i b e r i a n  m e t a l l u r g i c a l  
works. The c r e a t i o n  of m e t a l l u r g i c a l  c a p a c i t i e s  (e .g.  Ta i she t  
m e t a l l u r g i c a l  i n t e g r a t e d  works) i s  envisaged i n  t h e  Region 
i t s e l f ,  and a n  a d d i t i o n a l  d e p o s i t  w i l l  be commissioned. 
P r i o r  t o  t h e  complet ion of t h e  Bratsk HPS, it w a s  decided 
t o  b u i l d  i n  1962 t h e  Ust-Ilimsk hydropower s t a t i o n ,  w i th  a 
c a p a c i t y  of 4.3 m i l l i o n  kW, as t h e  second s t a g e  i n  t h e  develop- 
ment of  t h e  Angara water  power resources .  The p rospec t s  of 
e x p l o i t i n g  a new b ig  source  of  power have e n t a i l e d  t h e  format ion  
of  a d d i t i o n a l  b a s i c  objects--consumers of power--and s e v e r a l  
a u x i l i a r y  and s e r v i c i n g  o b j e c t s .  However, t h e  product ion  pa t -  
t e r n  o f  t h e  BITPC w i l l  con t inue  t o  be determined by e l e c t r i c  
power product ion ,  nonfer rous  meta l lurgy  and t h e  woodworking 
i n d u s t r y ,  a l though i n  t h e  f o r e s e e a b l e  f u t u r e  it is envisaged t o  
manufacture s y n t h e t i c  f i b e r  and t o  produce c h l o r i n e  us ing  c e l l u -  
l o s e  and l o c a l  d e p o s i t s  o f  common s a l t .  
The problems of  c r e a t i n g  and developing  a u x i l i a r y  and se r -  
v i c i n g  branches of t h e  economy a r e  be ing  t a c k l e d  s u c c e s s f u l l y  
a long wi th  o t h e r  economic problems. Large-scale i n d u s t r i a l  
development o f  t h e  Region has brought  about  t h e  r a p i d  growth of  
t h e  bu i ld ing  m a t e r i a l s  i ndus t ry .  On t h e  t e r r i t o r y  of  t h e  BITPC, 
bu i ld ing  m a t e r i a l s  a r e  being manufactured. Thermal and e l e c t r i c  
power product ion  i s  being  developed on t h e  b a s i s  of l o c a l  c o a l .  
Severa l  h e a t  and power p l a n t s  supply ing  h e a t  t o  l a r g e  towns and 
i n d u s t r i a l  e n t e r p r i s e s  o f  t h e  complex a r e  o p e r a t i o n a l .  
The power supply ba lance  of t h e  BITPC i s  expected t o  be pos- 
i t i v e  f o r  a  long t i n e .  Therefore ,  t h e  network of power t r a n s -  
miss ion  t runk  l i n e s  w i l l  be expanded by developing  both  i n t r a -  
r e g i o n a l  and i n t e r r e g i o n a l  connect ions .  Cur ren t ly ,  e l e c t r i c  
power i s  being  t r ansmi t t ed  from t h e  Bra tsk  HPS t o  t h e  i n d u s t r i a l  
c e n t e r s  o f  Zheleznogorsk and Ust-I l imsk,  and a l s o  t o  t h e  v i c i n -  
i t y  o f  I r k u t s k  and t h e  Krasnoyarsk t e r r i t o r y ,  through 500 and 
200 kW t r ansmis s ion  l i n e s .  
Based on c u r r e n t  knowledge, it is  p o s s i b l e  t o  conclude t h a t  
f u t u r e  l a r g e - s c a l e  demand f o r  thermal and e l e c t r i c  energy w i l l  
be  f u l l y  met i n  t h e  f u t u r e .  The techno-economic i n d i c e s  of t h e  
energy u s e  f o r  t h e  Region w i l l  show a major c o s t  savings  f o r  
power a s  compared wi th  European r eg ions .  
The BITPC i s  a l s o  c h a r a c t e r i z e d  by f a v o r a b l e  c o n d i t i o n s  
f o r  t h e  r a t i o n a l  format ion  of  water  ba lance .  Water is  suppl ied  
f o r  u t i l i t y  and i n d u s t r i a l  purposes both from s u r f a c e  and sub- 
s u r f a c e  sources ,  t h e  p r i n c i p a l  sou rces  be ing  t h e  Bra t sk  and t h e  
Ust-I l imsk r e s e r v o i r s ,  t h e  Angara River  and i t s  t r i b u t a r i e s ,  and 
s e v e r a l  smal l  r i v e r s .  
Condi t ions  f o r  t h e  development of a  broad t r a n s p o r t a t i o n  
network a r e  less f avorab le  f o r  t h e  BITPC f o r  t h e  fo l lowing r ea -  
sons.  F i r s t ,  t h e  complex i s  remote from t h e  most advanced and 
populated a r e a s  of t h e  count ry ;  it i s  about  4000 km from t h e  
n e a r e s t  European r eg ion  of  t h e  coun t ry ,  and ca rgo  d e l i v e r i e s  
t o  t h e  t e r r i t o r y  involve  g r e a t  t r a n s p o r t a t i o n  expenses.  Second- 
l y ,  it has  geographic proximity t o  compara t ive ly  s p a r s e l y  pop- 
u l a t e d  r e g i o n s  t h a t  have n o t  only  l i m i t e d  i n d u s t r i a l  p o t e n t i a l  
f o r  i n t e r r e g i o n a l  exchange but  a l s o  inadequate  communication 
l i n e s .  
Never the less ,  i n  accordance wi th  t h e  p o l i c y  f o r  i n t r a r e -  
g i o n a l  format ion  of i n d u s t r i a l  c e n t e r s ,  e f f o r t s  a r e  be ing  made 
t o  improve and develop t h e  t r a n s p o r t a t i o n  network a s  one of  t h e  
major elements  of  t h e  product ive  and s o c i a l  i n f r a s t r u c t u r e .  
The Bra tsk  i n d u s t r i a l  c e n t e r ,  a s  an  a r e a  of t o p  p r i o r i t y  devel-  
opment, i s  a l r e a d y  a major t r a n s p o r t a t i o n  junc t ion  f o r  many 
r a i lway  s t a t i o n s ,  r i v e r s ,  a i r p o r t s ,  and motor depots .  The 
Bra tsk  a i r p o r t  is  a b l e  t o  handle l a r g e  a i r c r a f t  from through- 
o u t  t h e  count ry .  Bratsk i s  connected by a i r  r o u t e s  w i th  many 
towns and populated a r e a s  on t h e  TPC t e r r i t o r y .  
The c o n s t r u c t i o n  of a  ramif ied  network of acces s  r o u t e s ,  
r a i lways ,  and motor roads  i s  c a r r i e d  o u t  i n  coord ina t ion  wi th  
i n d u s t r i a l  and urban c o n s t r u c t i o n  on t h e  t e r r i t o r y .  An urban 
e l e c t r i c  t r a i n  o p e r a t e s  between t h e  Bra tsk  c e n t e r  and t h e  alumi- 
nium works. 
Pub l i c  t r a n s p o r t  i s  r ep resen ted  by t h e  t runk  r a i lway  l i n e ,  
Taishet-Lena, and i t s  con t inua t ion  from Khrebtovaya t o  U s t -  
I l imsk.  The main motor road s t r e t c h e s  from Tulun t o  Bra tsk  and 
Osetrovo. There is  cons ide rab le  t r a f f i c  a long t h e  Bratsk-I l imsk 
road .  Transpor t  connect ions  a r e  inadequate  i n  zones of indus-  
t r i a l  f o r e s t r y  c e n t e r s ,  a l though t h e s e  c e n t e r s  were s e t  up i n  
l o c a t i o n s  wi th  f avorab le  water  ways. Timber now accounts  f o r  
about  t h ree - fou r ths  of a l l  r i v e r  cargo.  A i r  t r a n s p o r t  i s  wel l  
developed;  t h e  t o t a l  l e n g t h  of l o c a l  a i r  r o u t e s  exceeds 4000 km. 
The development of t h e  product ive  f o r c e s  of t h e  Bratsk-I l imsk 
Region w i l l  l a r g e l y  depend on improvements and advancements of 
t h e  t r a n s p o r t a t i o n  system i n  l i n e  wi th  economic and s o c i a l  r e -  
quirement s . 
An important  and a s  y e t  unresolved problem f o r  t h e  Bratsk- 
I l imsk Region and o t h e r  complexes of t h e  Angara-Yenisei system 
i s  t h a t  of  a t t r a c t i n g  and s e t t l i n g  manpower. This  w i l l  involve  
t h e  c r e a t i o n  of a t t r a c t i v e  l i v i n g  cond i t ions .  Taking i n t o  account  
contemporary popula t ion  d e n s i t y  and t h e  demographic s i t u a t i o n ,  
we can say  t h a t  p rospec t s  f o r  indigenous popula t ion  growth a r e  
n o t  g r e a t .  Therefore ,  t h e  program f o r  t h e  supply of manpower 
t o  t h e  BITPC over t h e  per iod  1971 t o  1980 focuses  a t t e n t i o n  on 
r e s e t t l e m e n t  from o t h e r  r eg ions ,  and popula t ion  migra t ion  w i l l  
con t inue  t o  p l ay  t h e  d e c i s i v e  r o l e  i n  supplying manpower i n  t h e  
f u t u r e .  
A d i s t i n c t i v e  f e a t u r e  of t h e  development program f o r  non- 
product ive  i n d u s t r i e s  a t  t h e  BITPC i s  t h a t  it should be  based 
on n a t i o n a l  norms f o r  t h e  p rov i s ion  of s e r v i c e s ,  t ak ing  i n t o  
c o n s i d e r a t i o n  r e g i o n a l  s p e c i f i c  c o n d i t i o n s  wi th  t h e  aim of r e -  
t a i n i n g  a  permanent l abo r  f o r c e  i n  t h e  Region. The r e s e t t l i n g  
of t h e  l abo r  f o r c e  invo lves  cons ide rab le  expendi tures .  I n  addi-  
t i o n ,  t h e  seve re  n a t u r a l  and c l i m a t i c  c o n d i t i o n s  of t h e  Region 
make t h e  p rov i s ion  of food, c l o t h i n g ,  housing,  medical and cu l -  
t u r a l  s e r v i c e s  more expensive than  i n  more f avorab le  a r e a s .  It 
i s  t h e r e f o r e  necessary  t o  f u r t h e r  c e n t r a l i z e  t h e  f i n a n c i a l  and 
m a t e r i a l  r e sources  t o  a t t a i n  an a c c e l e r a t e d  development of t h e  
s o c i a l  i n f r a s t r u c t u r e  of t h e  Region. 
The gene ra l  p l a n  f o r  t h e  urban development of t h e  Bra tsk  
complex envisages  c u l t u r a l ,  munic ipa l ,  and medical s e r v i c e s ,  
which have been provided.  Schools ,  l i b r a r i e s ,  t h e a t r e s ,  c l u b s ,  
music f a c i l i t i e s ,  e t c .  have been made a v a i l a b l e  t o  t h e  popula t ion .  
The f u r t h e r  development  o f  e a s t e r n  and  n o r t h e r n  r e g i o n s  o f  
t h e  c o u n t r y  i s  a  s u b j e c t  o f  impor tance  t o  t h o s e  c o n s i d e r i n g  f i v e -  
y e a r  economic development  p l a n s  f o r  t h e  USSR. 

The Contribution of the BITPC to Solving Long-Term 
Development Problems of the Angara-Yenisei Region 
V.A. Shelest 
An important way to ensure the development of the USSR 
national economy and to improve the efficiency of public pro- 
duction is to develop and rationally use natural resources in 
those areas where they are abundant, to set up highly effective 
territorial-production complexes in these areas, and to formu- 
late and implement long-term, regional, and national economic 
programs. 
Long-term scientific and technological forecasting and 
planning are needed to deal with the problems of integrating 
the development of natural resources and productive forces on 
the regional level. Solutions to these regional problems largely 
determine the growth of the national economy and its industries 
as well as the specialization and integrated economic develop- 
ment of large territories. Regional programs take into consider- 
ation natural, social, economic, scientific, and technological 
factors, and employ methods of systems analysis. The regional 
system is an integral part of the overall national economic 
system. 
In the Soviet Union, one major long-term regional program 
being worked out is that for the use of natural resources and 
the development of the productive forces in the Angara-Yenisei 
Region, which includes the Krasnoyarsk territory, the Irkutsk 
Region, and the Tuva Autonomous Republic. 
The Angara-Yenisei Region is unique in its concentration 
of natural resources. While it accounts for only 15 percent of 
the territory of the USSR and 2.2 percent of population, the 
Region has about 50 percent of the country's coal resources 
[ I ,  pp.111-1121, over 30 percent of its wood resources, and 
over 25 percent of the water power potential [2, pp.52-531. 
It also has practically unlimited rock salt resources, enormous 
nonferrous metal ore deposits, and vast amounts of resources 
such as iron ores, phosphorites, graphite, and construction 
materials. The geological coal reserves of the Kansk-Achinsk, 
Tunguska, Irkutsk, Minusinsk and other coal basins have a total 
of 3.36 x 1012 tons. The Anqara-Yenisei water basin has an 
3 
annual water runoff averaging 623 km , and a hydropower poten- 
tial equivalent to 600 kwh of annual electricity output. The 
Region is also rich in lead-zinc deposits, nepheline deposits, 
etc. A natural treasure is Lake Baikal [3, p.391. 
These resources appear to be all the more valuable because 
of the very favorable techno-economic indicators regarding their 
use. In the Region, costs are higher for certain products and 
services, e.g., construction costs in the southern and central 
areas is 2 to 8 percent higher than the national average, and in 
remote areas it is 15 to 25 percent higher; equipment costs are 
3 to 8 percent higher. Also, there is a sizable share of capital 
outlay for social infrastructure--in the southern and central 
areas it rises by 5 to 15 percent, and in the remote areas it is 
1.5 to 2.5 times the national average. On the other hand, the 
Region's estimated expenditure in the foreseeable future will be 
less than those for the European part of the country for the fol- 
lowing areas: lumbering, woodworking, and pulp and paper indus- 
tries (30 to 60 percent); for the manufacture of energy-intensive 
products from nonferrous and ferrous metals, as well as products 
of the chemical industry based on the use of local raw materials 
(1.5 to 3 times the national average); for coal output increment 
this figure is 6 to 8 times the national average, for electric 
power output increment, 2 to 2.5 times (and at hydropower stations, 
3 to 4 times). 
In the future the Region will lead the country in coal and 
electricity output, and in the manufacture of energy-intensive 
products of nonferrous metals. 
Based on the development prospects for the national economy 
and taking into account the Region's natural resources and the 
good economic prospects for their efficient use, some fundamental 
concepts for developing the Angara-Yenisei Region have been formu- 
lated. 
The availability of natural resources and the favorable 
techno-economic factors of their development and use determine 
the specialization of the Region's economy for developing energy-, 
material- and water-intensive branches. Of primary importance 
are those resources that have high national economic significance 
and are concentrated in the Angara-Yenisei Region. Accordingly, 
priority has been given to the development of nonferrous metal- 
lurgy. 
In the second group of resources that influence the Region's 
specialization are those that are also available in the other 
areas of the country, but whose development in the Angara-Yenisei 
Region is more economically feasible. These include fuel coals 
which can be mined by certain methods on a scale not possible in 
other regions. 
The third group is composed of those resources whose utili- 
zation is compatible with the development of other resources. 
These include zinc, bauxites, iron ores, apatites, phosphorites, 
and phlogopites. Classed under the same category are resources 
supplied to the Region from other areas; these include bauxites 
and phosphorites. 
Thus,  t h e  b r a n c h e s  c a n  be  t e n t a t i v e l y  a r r a n g e d  i n  t h e  f o l l o w -  
i n g  o r d e r  i n  t e r m s  of f e a s i b i l i t y  and e f f i c i e n c y  o f  development  
and d i s t r i b u t i o n :  n o n f e r r o u s  m e t a l l u r g y ;  t h e  c o a l  i n d u s t r y  ( t h e  
deve lopment  of f u e l  brown c o a l s  i n  t h e  Kansk-Achinsk c o a l  b a s i n  
p l a y s  a  major  r o l e  i n  t h e  n a t i o n a l  f u e l  energy  p rogram) ;  e l e c t r i c  
power e n g i n e e r i n g  ( c o n s t r u c t i o n  o f  major  t h e r m a l  c o a l  d u s t  and 
hydropower s t a t i o n s ) ;  lumber ing ,  woodworking, and p u l p  and p a p e r  
i n d u s t r i e s ;  g r a p h i t e  p r o d u c t i o n ;  t h e  mica-produc t ion  i n d u s t r y ;  
c h l o r i n e  p r o d u c t i o n  based  on t h e  u s e  o f  r o c k  s a l t  r e s o u r c e s ;  
e x t r a c t i o n  o f  a p a t i t e s  and p h o s p h o r i t e s ,  and p r o d u c t i o n  of phos- 
phorous  f e r t i l i z e r s ;  p r o d u c t i o n  o f  a s b e s t o s ,  m a g n e s i t e s ,  and 
o p t i c a l  raw m a t e r i a l s ;  p r o d u c t i o n  o f  e l e c t r i c  f u r n a c e  s t e e l  and 
f e r r o a l l o y s ;  antimony and mercury p r o d u c t i o n ;  p r o d u c t i o n  o f  con- 
s t r u c t i o n  m a t e r i a l s ;  c a s t  i r o n  and s t e e l  p r o d u c t i o n ;  m e t a l - i n t e n -  
s i v e  e n g i n e e r i n g ;  and food and l i g h t  i n d u s t r i e s .  
Al lowing f o r  e x t r a  e x p e n d i t u r e s  f o r  d e v e l o p i n g  t h e  t e r r i t o r y ,  
t h e  o u t p u t  of n e t  p r o d u c t s  p e r  u n i t  c o s t  i n  t h e  Region i s  l i k e l y  
t o  be  h i g h e r  t h a n  t h a t  i n  t h e  European p a r t  f o r  n o n f e r r o u s  meta l -  
l u r g i c a l  p r o d u c t s  by a b o u t  30 t o  50 p e r c e n t ,  f o r  t h e  c h e m i c a l  and 
woodworking i n d u s t r i e s ,  by 10 t o  20 p e r c e n t  and f o r  l i g h t  i n d u s -  
t r i e s  and e n g i n e e r i n g  i n d u s t r i e s ,  by a b o u t  10 t o  15  p e r c e n t  and 
15  t o  25 p e r c e n t ,  r e s p e c t i v e l y .  
O t h e r  f a c t o r s  t h a t  a r e  t a k e n  i n t o  a c c o u n t  i n  d e t e r m i n i n g  t h e  
s p e c i a l i z a t i o n  of t h e  economy of  t h e  Angara-Yenisei  Region a r e  
p o p u l a t i o n  d e n s i t y ,  c o n s t r u c t i o n  c o n d i t i o n s ,  and l i v i n g  s t a n d a r d s .  
The g e n e r a l  deve lopment  t r e n d  seems t o  be  a s  f o l l o w s :  i n  t h e  
a r e a  f rom Khakass ian  t o  t h e  s o u t h e r n  a r e a s  up t o  t h e  Y e n i s e i  
midd le  c o u r s e ,  t h e r e  s h o u l d  be  a  s t e a d y  i n c r e a s e  i n  t h e  energy-  
i n t e n s i v e n e s s  o f  t h e  e n t e r p r i s e s .  L a b o r - i n t e n s i v e  i n d u s t r i e s  
s u c h  a s  m a t e r i a l  p r o c e s s i n g ,  power e n g i n e e r i n g ,  t r a n s p o r t a t i o n  
and r o a d  b u i l d i n g ,  and h i g h l y  e f f i c i e n t  a g r o - i n d u s t r i a l  a c t i v i -  
t i e s  must  be s e t  up p r i m a r i l y  i n  t h e  s o u t h e r n  p a r t .  The energy-  
i n t e n s i v e  i n d u s t r i e s  such a s  a luminium p l a n t s ,  p l a n t s  f o r  produc- 
i n g  y e l l o w  phosphorus ,  f e r r o a l l o y s ,  and e l e c t r i c  f u r n a c e  s t e e l  
c o u l d  b e  more c o n v e n i e n t l y  l o c a t e d  f a r t h e r  nor thward ,  f o r  i n -  
s t a n c e ,  i n  t h e  t e r r i t o r y  o f  t h e  Kansk-Achinsk fuel-power  complex 
and i n  p r o x i m i t y  t o  t h e  hydropower s t a t i o n s  o n  t h e  Angara and 
t h e  Y e n i s e i  R i v e r s .  
The g e n e r a l  l i n e  o f  economic development  o f  t h e  Angara- 
Y e n i s e i  Region i n  t h e  s u r v e y e d  p e r i o d  i s  i n t e n s i f i c a t i o n  o f  pub- 
l i c  p r o d u c t i o n .  I n  o u t l i n i n g  t h e  s t r a t e g y  f o r  t h e  long- te rm 
t e c h n o l o g i c a l  development  o f  t h e  Angara-Yenisei  Region,  and 
S i b e r i a  a s  a  whole ,  one mus t  c o n s i d e r  t h e  g a p  between a v a i l a b l e  
c o n c e n t r a t e d  n a t u r a l  r e s o u r c e s  and s c a r c e  manpower. I n  t e r m s  
o f  e x t e n s i v e  deve lopment ,  it d o e s  n o t  a p p e a r  p r o m i s i n g  i n  t h e  
Region.  
Some d e c i s i v e  f a c t o r s  f o r  a c h i e v i n g  t h e  e x t e n s i v e  d e v e l o p -  
ment o f  n a t u r a l  r e s o u r c e s  and h i g h e r  e f f i c i e n c y  o f  p u b l i c  produc-  
t i o n  i n  t h e  Region a r e  a s  f o l l o w s :  c r e a t i o n  o f  a n  o p t i m a l  s e c -  
t o r i a l  and t e r r i t o r i a l  s t r u c t u r e  o f  t h e  economy; implementa t ion  
of labor-sa,ving technological and economic policies; concentra- 
tion of production; increase in the amount of energy and elec- 
tricity available per worker; large-scale development of elec- 
tric-based manufacturing processes; further electrification of 
the national economy; utilization of useful ingredients contained 
in the ores; technological combination and cooperation; reduction 
of losses; and improvement of the territorial organization of 
production. 
A criterion for the rapid and effective development of the 
productive forces in the Region is to set up a reliable produc- 
tive infrastructure (power engineering base, construction mate- 
rials industry and construction base, transportation, water sup- 
ply, etc.), and a nonproductive infrastructure (housing, health 
services, social-cultural facilities, etc.). 
To effectively use both the natural and human resources of 
the Region, it is necessary to plan and create major common ter- 
ritorial-industrial complexes and energy-industrial centers 
rather than isolated enterprises. Thus in order to ensure the 
growth of the Region's productive forces it was decided to estab- 
lish the Bratsk-Ilimsk Territorial-Production Complex (BITPC). 
The prerequisites for establishing and developing the BITPC 
are the availability of cheap electric power from the Bratsk and 
the Ust-Ilimsk hydropower stations (HPSs), the concentration of 
commercial deposits of iron ores rich in iron content and readily 
concentrated, and large timber, land and water resources. A 
powerful construction industry has helped to accelerate the de- 
velopment of the Region's productive forces. 
The construction of the Bratsk HPS served as a basis for 
developing the BITPC. The Bratsk station, the second stage in 
the Angara cascade, was built at the Padun narrowing; its normal 
affluent level is 402 m, and the difference in the levels is 
108 m. The dam raises the water level in the Angara by over 
100 m. The Angara basin area within the range of the Bratsk HPS 
- 
is about 740,000 km', and the average long-term discharge is 
- 
2906 m3 per second [ 2 ,  pp.437-4391. The reservoir of the Bratsk 
HPS was formed in the Angara River Valley, its water surface 
- 
being about 5400 km'. The reservoir's width varies from 3 to 
20 km. During the construction of the reservoir, the local pop- 
ulation was moved from the flooding zone to new modern settlements; 
a number of enterprises have been moved to other sites and com- 
pletely modernized; rehabilitation of agricultural production 
has involved reclaiming state forest fund lands and combining 
small farms into large state collective farms. The new reservoir 
made it possible to develop water transportation over a distance 
of 1300 km. Reproduction of fish resources is done by construc- 
ting sturgeon breeding farms and developing fisheries in the 
reservoir. The total volume of the Bratsk HPS reservoir is about 
170 km2 and its useful volume at 10 m draw-off depth is about 
3 50 km , i-e., about one-half the average annual discharge in the 
range of the hydroproject. 
The structures of the hydroproject are a concrete riverbed 
dam, an embankment and an earth dam, and the HPS building. The 
first power sets at the Bratsk HPS were put into service in 1961. 
Currently, the Bratsk HPS has 18 turbosets with an aggregate 
generating capacity of 4.1 million kW, providing for electric 
power output in a median year as high as 22.6 x 10' kwh [4] . 
Operating in conjunction with the Irkutsk HPS reservoir, the 
Bratsk reservoir makes it possible to control the Angara water 
region and to carry out an inter-basin control of the discharge 
at the Angara and the Yenisei HPSs. The Bratsk HPS is one of 
the main power stations in the Integrated Power System of Central 
Siberia and, therefore, its operating conditions are determined 
by the optimum conditions of the joint operation with other power 
stations of the grid. Navigable depths in the Angara lower 
reaches and on the Yenisei below the Angara mouth are secured 
by the corresponding flows from the Bratsk reservoir in the navi- 
gation period. 
The construction base of the Bratsk HPS served as a basis 
for building the Ust-Ilimsk HPS and, later, the Boguchany HPS on 
the Angara. The Ust-Ilimsk HPS, the third stage of the Angara 
cascade, is now under construction; its normal affluent level is 
296 m, and the difference in the levels at the station is 88 m. 
The Ust-Ilimsk HPS is hydraulically linked with that of the 
Bratsk HPS, since the Ust-Ilimsk HPS backwater reaches as far as 
the Bratsk hydroproject tailwater. Inflow to the HPS site is 
largely controlled by the reservoirs of the Irkutsk and Bratsk 
stations. The Angara lateral inflow between the Bratsk HPS site 
and that of the Ust-Ilimsk HPS is less than 10% of the Angara 
average annual discharge at the Ust-Ilimsk station site. The 
estimated total volume of the Ust-Ilimsk HPS reservoir is 60 km3, 
and the estimated useful volume for a 1.5 m draw-off depth is 
3 km2. Its rated capacity will be 4.3 million kW, and the annual 
electric power output will be 21.6 x 10' kwh [2 , pp. 437-4391 . 
The construction of the Bratsk and the Ust-Ilimsk HPSs has 
accelerated the economic development of the Angara-Yenisei Re- 
gion. Bratskgesstroi, an organization originally set up to 
undertake the construction of the Bratsk HPS, is also responsible 
for constructing all the industrial projects in the Region. A 
powerful construction industry base exists with precast ferro- 
concrete plants, woodworking plants, factories producing metal 
structures, sanitation equipment, etc. 
The Angara-Ilimsk Region comprises the Ilimsk and the Angara- 
Katsk groups of iron-ore deposits. In terms of quality, the ores 
are similar to self-fluxing ores; rich ores at the Rudnogorsk 
deposit can be used without concentration. Leaner ores can be 
satisfactorily concentrated by means of wet magnetic separation. 
The largest Korshunovo deposit is exploited by the West Siberian 
Metallurgical Works. It is planned to put the Rudnogorsk deposit 
into service. In the Angara-Katsk group, exploration of the 
Neryundino deposit has been completed. The Angara-Ilimsk iron- 
ore district is regarded as a possible base for a future iron 
and steel plant. 
The Angara hydropower resources provide cheap electric power 
in mass quantities; thus the Irkutsk Region is regarded as favor- 
able for setting up aluminium plants, despite the fact that the 
required raw material is not available locally. The city of 
Bratsk is becoming a major center for the aluminium industry. 
To reduce transportation costs, it would be expedient to estab- 
lish the Region's own production of aluminium-rolled stock and 
aluminium structural components. 
The Bratsk-Ilimsk Region has large tracts of high quality 
wood. Once the Bratsk HPS was constructed, it was possible to 
set up enterprises for complex timber processing. Thus, in 
Bratsk the construction of a large timber industry complex with 
producing facilities for pulp, cardboard, wood-fiber boards, sawn 
timber, nutrient yeasts, etc. is nearly completed. The strength- 
ening of the raw material base for the timber industry complex 
calls for improved transportation facilities in the Region. The 
Khrebtovaya-Ust-Ilimsk railroad is operating, and construction 
work has begun on the western section of the Baikal-Amur Railway. 
It seems reasonable to set up near the town of Bratsk a large 
agricultural complex for vegetable, meat and milk production. 
The BITPC will be oriented toward hydropower engineering, 
energy-intensive production of nonferrous metals (e.g., alu- 
minium), timber processing (with a wide assortment of products 
manufactured at woodworking, pulp and paper, and wood/chemical 
enterprises); later it is planned to have the chemical industry 
make use of the materials turned out by the pulp and paper mills 
( e . g . ,  chemical fiber, viscose silk, and cellophane), and by the 
mlnlng industry. Planned auxiliary industries include mechanical 
engineering and enterprises producing consumer goods. Iron ore 
will be transported to the iron and steel works in Central Siberia, 
and the products of nonferrous metallurgical industries, and the 
chemical and the woodworking industries will be transported to 
other regions of the country. 
The BITPC includes three industrial centers: Bratsk, Ust- 
Ilimsk, and Rudnogorsk. 
The Bratsk Industrial Center, the first in the region under 
consideration, is almost complete: there exist an HPS, an alu- 
minium plant, and a woodworking complex. It is planned to expand 
the Center by developing the Region's iron-ore base, e-g., 
Tatyaninsk and Krasnoyarsk mining and ore-dressing plants, by 
constructing and establishing new enterprises as part of the 
woodworking complex and the aluminium plant, and by developing 
new processing facilities such as a viscose fiber plant. From 
a town planning viewpoint, the Bratsk Center commands resources 
for further expansion because of the existing large capacity 
construction base and engineering communications, utility funds, 
and cultural and consumer services. In further developing the 
Center it is important to locate residential neighborhoods at 
sufficient distance from new industrial enterprises so as to 
prevent air pollution. 
The construction of the Ust-Ilimsk HPS will double the 
power engineering capacity of the complex, and also give an im- 
petus to a new industrial center specializing in lumbering, mechan- 
ical and chemical processing of wood, and iron-ore mining in the 
Angara-Katsk area. Consideration is given to building on the 
Center's site a city, thereby eliminating the need to construct 
small communities near the enterprises while effectively using 
the site on the Angara right bank in the upper pool of the Ust- 
Ilimsk HPS. 
The Rudnogorsk Industrial Center can be regarded as a stand- 
by in the composition of the BITPC. Its territory has favorable 
building sites with adequate water supplies and transportation 
facilities. The planned structural layout of the Center makes 
it practical for creating a large-scale enterprise and a town. 
Also part of the territory of the BITPC is a regular network 
of communities either existing and planned that are set up on the 
basis of forestry farms, state farms, or mining centers. The 
problems of providing transportation, cultural, consumer, and 
utility services for the population in the centers, as well as 
of organizing the settlement pattern in the pioneering region, 
are important and require urgent action. 
The BITPC was further developed when the Ust-Ilimsk HPS 
became operational. Some additional criteria for development 
are as follows: commissioning power capacities at the Ust-Ilimsk 
thermal power station; building the Neryundinsk-Kopaevsk mining 
and ore-dressing complex; making provisions for developing further 
the aluminium production; increasing lumbering capacities on the 
basis of the forest resources in the Ust-Ilimsk, the Nizhne-Ilim, 
and the Ust-Kut forestry districts; reducing round timber deliver- 
ies to areas outside Irkutsk; effectively using pulp production 
wastes by setting up paper mills and a furniture factory; setting 
up facilities for mining fuel coals in the Tunguska field to be 
used at the BITPC; buildinq meat and milk processing enterprises in 
the cities of Bratsk and ust-Ilimsk; and developing fisheries 
in the Ust-Ilimsk reservoir. 
Because of the natural wealth of the Angara-Yenisei Region, 
including the BITPC, it is important that scientific and techno- 
logical solutions be sought to the Region's problems. Programs 
for the optimal utilization of natural resources and increased 
productivity of human resources should be an integral part of 
the long-term development plan. 
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Exper ience  i n  t h e  Formation o f  t h e  BITPC 
V.P. Gukov and A.N.  Semyonov 
ANGARSTROI PROJECT 
The i d e a  o f  deve lop ing  t h e  hydropower r e s o u r c e s  o f  t h e  
Angara River  and i t s  t r i b u t a r i e s  o r i g i n a t e d  i n  t h e  e a r l y  1960s. 
I n  1925-1929, t h e  S i b e r i a n  Bureau o f  t h e  USSR S t a t e  P l ann ing  
Committee, w i t h  t h e  a s s i s t a n c e  o f  N . N .  Kolosovsky and V.M. Halyshev,  
drew up an  i n i t i a l  development scheme f o r  u s i n g  t h e  hydropower 
r e s o u r c e s  o f  t h e  upper and middle  r e aches  of  t h e  Angara River .  
The p l a n  envisaged  t h e  c o n s t r u c t i o n  o f  t h r e e  s t a t i o n s :  t h e  f i r s t  
12 km from headwaters ,  t h e  second on t h e  Dubynin r a p i d s ,  and t h e  
t h i r d  on t h e  Shaman r a p i d s ,  w i t h  a  t o t a l  c a p a c i t y  of 3.5 m i l l i o n  
kW. I t  was a l s o  planned t o  b u i l d  two i n d u s t r i a l  complexes i n  t h e  
r e g i o n  of t h e  h y d r o e l e c t r i c  s t a t i o n :  one a t  t h e  headwaters  o f  
t h e  Angara River ,  and t h e  o t h e r  n e a r  t h e  b i g  r a p i d s  i n  t h e  middle  
of t h e  River  r e aches .  Based on t h i s  r e s e a r c h ,  d e s i g n  p l a n s  w e r e  
i n c l u ded  i n  t h e  f i r s t  Five-Year P l an  f o r  n a t i o n a l  economic develop-  
ment. 
A depar tment  o f  m u l t i - d i s c i p l i n a r y  r e s e a r c h  (renamed t h e  
Angara Bureau) was s e t  up i n  Moscow t o  s t u d y  t h e  problems o f  t h e  
Angara Region; l a t e r  t h i s  became a  c e n t e r  f o r  o r g a n i z a t i o n  and 
r e s e a r c h .  
I n  1934, t h e  r e s e a r c h  p r o j e c t ,  Hypotheses o f  Using t h e  Power 
of  t h e  Angara River ,  was completed [ I ] .  T h i s  work summarized t h e  
r e s u l t s  o f  hydropower i n v e s t i g a t i o n s ,  and gave i n f o r ma t ion  on 
s t u d i e s  by t h e  Bureau on t h e  u s e  o f  m i n e r a l s  and f o r e s t  r e s o u r c e s ,  
and t h e  development of a g r i c u l t u r e  and t r a n s p o r t .  
The h y p o t h e s i s  r e f l e c t e d  t h e  p r o g r e s s i v e  views o f  t h e  t i m e  
on t h e  comprehensive u s e  o f  raw m a t e r i a l s  and t h e  mu l t i pu r pos e  
u s e  o f  hydropower r e sou rce s .  I t  envisaged  t h e  c o n s t r u c t i o n  o f  
s i x  h y d r o e l e c t r i c  power s t a t i o n s  on t h e  Angara River--Baikal ,  
Barkhatovo,  B r a t s k ,  Shaman, Kezhem and Boguchany--with a  t o t a l  
c a p a c i t y  o f  8.95 m i l l i o n  kW and an  annua l  average  o u t p u t  o f  
61.3 x l o9  kWh of e l e c t r i c  energy  ( F igu r e  1 ) [2 ,p .  221 . A f t e r  a  
c a r e f u l  s t u d y  t h e  Bureau recommended t h a t  t h e  f o l l o w i n g  power- 
i n t e n s i v e  i n d u s t r i e s  u s i n g  cheap wa t e r  power be  set  up i n  t h e  
Region: f e r r o u s  and non fe r rous  me ta l l u r gy ,  p r oduc t i on  o f  syn- 
t h e t i c  m a t e r i a l s  and l i q u i d  f u e l  from c o a l ,  n i t ro -hydrogenous  
compounds, c h l o r i d e  p roduc t i on ,  and s i l i c a t e  and a l u m i n o - s i l i c a t e  
e l e c t r o t h e r m i c s .  
1 .  Novoyen ise i ;  
2 .  Boguchany; 
3. Kezhem; 
4 .  Shaman; 
5. B r a t s k ;  
6 .  B a i k a l ;  
7. Kul tuk ;  
- r a i l w a y s  
--- e l e c t r i c  power l i n e s  
Figure 1. Location of hydroelectric power stations in the Angara Region. 
The a u t h o r s  o f  t h e  h y p o t h e s i s  b e l i e v e d  t h a t  t h e  c o n s t r u c t i o n  
o f  hydropower s t a t i o n s  (HPSs) a l o n g  t h e  Angara R i v e r  would open 
up b r o a d  p r o s p e c t s  f o r  d e v e l o p i n g  t h e  t i m b e r  i n d u s t r y  i n  t h e  
Region. The c o n n e c t i o n  between t h e  t i m b e r  and t h e  power indus -  
tries was supposed  t o  d e v e l o p  main ly  th rough  t h e  c o o r d i n a t e d  con- 
s t r u c t i o n  o f  t r a n s p o r t  a r t e r i e s  and t h e  p r o v i s i o n  o f  c o n s t r u c t i o n  
p r o j e c t s  w i t h  t i m b e r .  I t  was e n v i s a g e d  from t h e  b e g i n n i n g  t o  make 
comprehensive u s e  o f  wood and t o  p roduce  f i n i s h e d  goods on t h e  
s p o t .  Timber i n d u s t r y  c e n t e r s  were t o  be l o c a t e d  i n  t h e  a r e a s  o f  
t h e  f u t u r e  HPSs where waterways would be  c r o s s e d  by r a i l w a y  l i n e s .  
I n d u s t r i a l i z a t i o n  o f  t h e  Angara Region i s  i n c o n c e i v a b l e  
w i t h o u t  t h e  adequa te  development  o f  t r a n s p o r t .  On t h e  one hand, 
t h e  h y p o t h e s i s  e n v i s a g e d  t h e  c o n s t r u c t i o n  of super - long  r a i l w a y  
l i n e s  t o  c o n n e c t  t h e  Region w i t h  o t h e r  p a r t s  o f  t h e  c o u n t r y .  
A l s o ,  t h e y  would b r i n g  t h e  S o v i e t  F a r  E a s t  c l o s e r  t o  t h e  economic 
c e n t e r s  o f  S i b e r i a ;  t h e r e f o r e  s i g n i f i c a n c e  was a t t a c h e d  t o  t h e  
r a i l w a y  l i n e  from T a i s h e t ,  th rough  t h e  t a i l w a t e r  of  t h e  B r a t s k  
HPS, and f u r t h e r  e a s t .  On t h e  o t h e r  hand,  it was e n v i s a g e d  t o  
b u i l d  l o n g  m e r i d i o n a l  r a i l w a y  l i n e s  f o r  l o c a l  f r e i g h t  t r a f f i c ,  
which would make i t  p o s s i b l e  t o  d e v e l o p  t h e  t i m b e r  i n d u s t r y ,  t o  
work m i n e r a l  d e p o s i t s ,  and t o  b u i l d  HPSs. 
The p l a n  was t o  d e v e l o p  g r a i n  growing and l i v e s t o c k  i n  p l a c e s  
of  p o p u l a t i o n  c o n c e n t r a t i o n .  
The h y p o t h e s i s  s t r e s s e d  t h e  importance o f  working o u t  t h e  
s t r a t e g y  and o f  e s t a b l i s h i n g  p r i o r i t i e s  f o r  d e v e l o p i n g  n a t u r a l  
r e s o u r c e s ,  p r i m a r i l y  hydropower r e s o u r c e s .  A l l  HPSs on t h e  Angara 
R i v e r  and i t s  t r i b u t a r i e s  were d i v i d e d  i n t o  f o u r  g roups  a c c o r d i n g  
t o  e f f i c i e n c y ,  t r a n s p o r t  a c c e s s i b i l i t y ,  and r e a d i n e s s  o f  t h e  r e -  
g i o n s  f o r  c o n s t r u c t i o n .  
The f i r s t  group c o n s i s t e d  of  t h e  B a i k a l  and t h e  Barkhatovo 
HPSs on t h e  Angara R i v e r ,  and t h e  Kul tuk HPS on t h e  I r k u t s k ,  
which were p lanned  t o  be  b u i l t  i n  t h e  s u f f i c i e n t l y  advanced 
B a i k a l  Region. T h e i r  a g g r e g a t e  a n n u a l  o u t p u t  w a s  e s t i m a t e d  a t  
The second  group  c o n s i s t e d  o f  t h e  most economica l  ones , - -  
t h e  B r a t s k  and t h e  Shaman HPSs on t h e  Angara River--which were 
p lanned  t o  be b u i l t  i n  an undeveloped r e g i o n  f a r  from o v e r l a n d  
t r a n s p o r t  a r t e r i e s .  
The t h i r d  group c o n s i s t e d  of  t h e  Kezhem and t h e  Boguchany 
HPSs on t h e  Angara R i v e r ,  and t h e  Taseyevo HPS on t h e  Uda- 
Taseyeva ,  w i t h  a combined a n n u a l  o u t p u t  o f  2 4 . 4  m i l l i o n  kwh. 
These s t a t i o n s  were s i t u a t e d  i n  a  l e s s  i n h a b i t e d  and remote a r e a ,  
and a r e  l e s s  economica l  t h a n  t h e  B r a t s k  and t h e  Shaman s t a t i o n s .  
The f o u r t h  group i n c l u d e d  t h e  l e a s t  economica l  s t a t i o n - - t h e  
K i b a l i n  HPS on t h e  Se lenga .  
During t h e  p e r i o d  under  rev iew,  because  o f  i n s u f f i c i e n t  i n -  
f o r m a t i o n  a b o u t  t h e  r e s o u r c e s  i n  t h e  r e g i o n  o f  t h e  t h i r d  and 
f o u r t h  g r o u p s ,  it was n o t  p o s s i b l e  t o  s u b s t a n t i a t e  t h e  f e a s i b i l i t y  
o f  c o n s t r u c t i n g  t h e s e  s t a t i o n s  w i t h  a view t o  c r e a t i n g  i n d u s t r i a l  
r e g i o n s .  T h e r e f o r e  t h e  h y p o t h e s i s  focused  on u s i n g  t h e  e l e c t r i c  
e n e r g y  o f  t h e  s t a t i o n s  o f  t h e  f i r s t  two g r o u p s .  
Undeveloped t e r r i t o r y ,  r emoteness  from i n d u s t r i a l  c e n t e r s ,  
and i n c l e m e n t  n a t u r a l  c o n d i t i o n s  prompted t h e  a u t h o r s  t o  be c a r e -  
f u l  i n  s e l e c t i n g  t h e  s t r a t e g y  f o r  t h e  i n d u s t r i a l  development  o f  
t h e  Angara Region. B e l i e v i n g  it u n f e a s i b l e  and i n e x p e d i e n t  t o  
b e g i n  w i t h  t h e  c o n s t r u c t i o n  o f  g i g a n t i c  h y d r o e l e c t r i c  power 
s t a t i o n s ,  t h e y  s u g g e s t e d  t h a t  a  "p ioneer '  i n d u s t r y  b e  deve loped  
i n  t h e  most a c c e s s i b l e  r e g i o n .  The aim o f  e s t a b l i s h i n g  t h i s  i n -  
d u s t r y  was t o  p r o v i d e  t h e  s u b s e q u e n t ,  l a r g e - s c a l e  i n d u s t r i a l  con- 
s t r u c t i o n  a c t i v i t i e s  w i t h  t h e  n e c e s s a r y  b u i l d i n g  m a t e r i a l s ,  f u e l  
and e l e c t r i c  power, t o  accumulate  e x p e r i e n c e  and know-how on t h e  
s e v e r e  c l i m a t i c  c o n d i t i o n s  and, t o  t r a i n  p e r s o n n e l .  
The f i r s t ,  most a c c e s s i b l e  and e c o n o m i c a l l y  deve loped  r e g i o n  
was t h e  Baikal--now t h e  Irkutsk-Cheremkhovo TPC ( F i g u r e  2 )  
[2 ,p .70]  t h a t  h a s  " a  s u f f i c i e n t l y  d e n s e  p o p u l a t i o n ,  c r o s s e d  
Lena-Vitim power-economic s u b d i s t r i c t ;  
Sredne-Angarsk power-economic s u b d i s t r i c t ;  
B a i k a l  power-economic s u b d i s t r i c t ;  
h y d r o e l e c t r i c  power p l a n t s ;  
t h e r m a l  power p l a n t s ;  
e x i s t i n g  power t r a n s m i s s i o n  l i n e s ;  
p lanned  power t r a n s m i s s i o n  l i n e s ;  
power t r a n s m i s s i o n  l i n e s ,  220,000 and 110,000 V; 
t h e o r e t i c a l  bounds o f  power-economic d i s t r i c t s ;  
bounds o f  power-economic s u b d i s  t r ic ts .  
Figure 2. Power-economic districts and main power transmission lines in the Irkutsk Region. 
l e n g t h w i s e  w i t h  a  t r u n k  r a i l w a y  l i n e ,  h a v i n g  i n d e p e n d e n t ,  though 
s m a l l - s c a l e  i n d u s t r y  and p r o s p e c t s  o f  u s i n g  t h e  Angara e l e c t r i c  
power" [ 1  ,p .  1801 . The p r e s e n c e  o f  workable  c o a l  d e p o s i t s  made 
it p o s s i b l e  t o  b u i l d  t h e  p i o n e e r  i n d u s t r y  t h e r e  on t h e  b a s i s  o f  
t h e r m a l  e n e r g y ,  w i t h o u t  c o n n e c t i n g  it w i t h  t h e  implementa t ion  o f  
t h e  p r o j e c t  f o r  d e v e l o p i n g  t h e  Angara power r e s o u r c e s .  I n  t h e  
a u t h o r s '  v iew,  it would b e  p o s s i b l e ,  by u s i n g  t h e r m a l  e n e r g y ,  
t o  p r e p a r e  t h e  B a i k a l  Region f o r  t h e  s u b s e q u e n t  u s e  o f  t h e  c h e a p  
h y d r a u l i c  energy  o f  t h e  Angara R i v e r .  The p i o n e e r  i n d u s t r y  was 
deve loped  i n  t h e  B a i k a l  Region i n  t h e  e a r l y  1930s. 
I t  was t h e  a u t h o r s '  o p i n i o n  t h a t  s i n c e  t h e  mid-Angara Region 
and t h e  B a i k a l  Region, p o s s e s s e d  t h e  b a s i c  r e s o u r c e s  o f  cheap 
h y d r o e l e c t r i c  energy  (57 p e r c e n t ) ,  t h e y  were t h e  d e t e r m i n i n g  f a c -  
t o r s  i n  s o l v i n g  t h e  Angara problem. 
S e l e c t i n g  a  t o p  p r i o r i t y  o b j e c t  o f  h y d r o e n g i n e e r i n g  c o n s t r u c -  
t i o n  on t h e  Angara,  t h e  a u t h o r s  no ted  t h a t  t h e  B r a t s k  HPS was 
t h e  most p r o m i s i n g ,  from t h e  p o i n t  o f  view o f  i t s  e f f i c i e n c y  i n  
t h e  e n t i r e  scheme. 
The B u r e a u ' s  work was c o n f i n e d  mainly t o  drawing up a  p l a n  
f o r  c o n s t r u c t i n g  t h e  B a i k a l  i n d u s t r i a l  complex, s p e c i f y i n g  t h e  
s t r u c t u r e  o f  i t s  i n d u s t r i e s ,  and p l a n n i n g  i n d u s t r y  and housing.  
I n  1936, t h e  team o f  e x p e r t s  o f  t h e  USSR S t a t e  P l a n n i n g  Committee 
approved t h e  work o f  t h e  Angara Bureau on t h e  scheme o f  t h e  Ba ika l -  
Cheremkhovo Complex. 
The comprehensive i n v e s t i g a t i o n s  o f  t h e  Angara problem by 
t h e  Bureau e x e r t e d  c o n s i d e r a b l e  i n f l u e n c e  on t h e  development  o f  
t h e  n a t u r a l  r e s o u r c e s  o f  t h e  Angara Region. The p lanned  fo rmat ion  
o f  t h e  p i o n e e r  i n d u s t r y  b a s e d  on e n e r g y  produced by t h e r m a l  s t a -  
t i o n s  working on Cheremkhovo c o a l s  began d u r i n g  t h e  pre-World War I1 
y e a r s ;  t h e  war i n  1941 i n t e r r u p t e d  t h e  implementa t ion  of t h e  
Angara p r o j e c t .  
A f t e r  t h e  war ,  s t u d i e s  o f  t h e  Angara problem were c o n t i n u e d .  
S i n c e  t h e n  new d e p o s i t s  o f  i n d u s t r i a l  raw m a t e r i a l s  have been  d i s -  
covered  i n  t h e  Angara Region. The economic p o t e n t i a l  o f  i n d i v i d -  
u a l  r e g i o n s  h a s  changed and t h e  need f o r  t h e  hydropower r e s o u r c e s  
o f  t h e  Angara ,R iver  h a s  become even more p r e s s i n g .  The l e v e l  o f  
p o s s i b l e  e n g i n e e r i n g  s o l u t i o n s  h a s  become h i g h e r ,  and  t h e  r e q u i r e -  
ments f o r  s e v e r a l  t y p e s  o f  p r o d u c t s  and t h e  e f f i c i e n c y  o f  t h e i r  
manufac ture  have changed. 
I n  August 1947, t h e  USSR Academy o f  S c i e n c e s  h e l d  a  c o n f e r -  
ence  i n  I r k u t s k ,  c h a i r e d  by Academician I . P .  Bard in ,  on t h e  pro-  
d u c t i v e  f o r c e s  o f  t h e  I r k u t s k  Region. The c o n f e r e n c e  r e s o l u t i o n  
emphasized t h a t  " t h e  b a s i s  f o r  i n d u s t r i a l  s p e c i a l i z a t i o n  o f  t h e  
I r k u t s k  Region s h o u l d  be i t s  hydropower r e s o u r c e s  ( t h o s e  o f  t h e  
Angara R i v e r )  and f u e l  r e s o u r c e s  ( t h e  Cheremkhovo c o a l  b a s i n ) ,  
and t h e  l e a d i n g  r o l e  i n  t h e  development  o f  t h e  r e g i o n  s h o u l d  b e  
p l a y e d  by t h e  e n e r g y  o f  t h e  Angara power s t a t i o n s '  [3 ,p .1061.  
The c o n f e r e n c e  focused  on d e v e l o p i n g  t h e  Irkutsk-Cheremkhovo 
Region,  which was t h e  b e s t  p r e p a r e d  e c o n o m i c a l l y  f o r  d e v e l o p i n g  
t h e  Angara hydropower r e s o u r c e s .  I t  was deemed e x p e d i e n t  t o  
b u i l d  t h e  B a i k a l  ( I r k u t s k )  HPS, t o  be commissioned i n  1952- 1953. 
The c o n f e r e n c e  n o t e d  t h a t  by t h e  t i m e  t h e  f i r s t  B a i k a l  HPS was 
b u i l t ,  c o n s t r u c t i o n  of  o t h e r  l a r g e  HPSs s h o u l d  be  s t a r t e d  
[2  , p .  1071 . The B r a t s k  HPS was l i s t e d  a s  a  t o p  p r i o r i t y  p r o j e c t ,  
and a  r a i l w a y  l i n e  from T a i s h e t  t o  i t s  dam s i t e  was a l r e a d y  b e i n g  
l a i d  o u t .  
I n  1949, a  s e c t i o n  o f  t h e  B r a t s k - T a i s h e t  Railway was tempo- 
r a r i l y  o p e r a t i o n a l  which c r e a t e d  c o n d i t i o n s  f o r  implementa t ing  
t h e  G r e a t  A n g a r s t r o i  p r o j e c t .  I n  1953, t h e  G i d r o p r o e k t  I n s t i t u t e  
envo lved  a  new scheme f o r  hydropower e n g i n e e r i n g  c o n s t r u c t i o n  on 
t h e  Angara R i v e r  which e n v i s a g e d  t h e  c o n s t r u c t i o n  of  s i x  s t a t i o n s  
w i t h  a  t o t a l  c a p a c i t y  o f  more t h a n  10 m i l l i o n  kW, and an o u t p u t  
of  a b o u t  70 x 10' kwh ( F i g u r e  3 )  [4 , p .  2  11 . The B r a t s k  HPS was t o  
be  t h e  most  power fu l .  The I n s t i t u t e  had e v o l v e d  a  s c h e m a t i c  p r o j -  
e c t  f o r  t h e  B r a t s k  s t a t i o n ,  and s p e c i f i e d  i t s  c o s t  and t h e  t i m e  
r e q u i r e d  f o r  i t s  c o n s t r u c t i o n .  F u l l y  r e a l i z i n g  t h a t  a  HPS i s  
needed o n l y  where t h e r e  a r e  power consuming i n d u s t r i e s ,  t h e  p r o j -  
e c t ' s  a u t h o r s ,  a f t e r  comprehensive i n v e s t i g a t i o n s ,  worked o u t  
a  scheme f o r  t h e  i n d u s t r i a l  development  o f  t h e  zone of  t h e  B r a t s k  
s t a t i o n ' s  i n f l u e n c e .  T h i s  scheme d e f i n e d  t h e  scope  of  t h e  con- 
sumption o f  e n e r g y  by major  i n d u s t r i e s ,  t h e i r  l o c a t i o n  and t h e  
d i r e c t i o n  o f  t r a n s p o r t  a r t e r i e s .  The o r g a n i z a t i o n  o f  c o n s t r u c t i o n  
i n  t h e  B r a t s k  s t a t i o n  zone was t h o r o u g h l y  s t u d i e d .  I t  was t h o u g h t  
e x p e d i e n t  t o  c r e a t e  a  s i n g l e  i n d u s t r i a l  base  f o r  b u i l d i n g  t h e  
B r a t s k  s t a t i o n  and i n d u s t r i a l  and c i v i l  e n g i n e e r i n g  i n s t a l l a t i o n s  
i n  t h e  a d j a c e n t  r e g i o n  [ 5 ] .  
NATURAL RESOURCES OF THE ANGARA REGION 
The Angara R i v e r  combines t h r e e  q u a l i t i e s  i m p o r t a n t  f o r  power 
e n g i n e e r i n g :  h i g h  w a t e r  l e v e l ,  which is  t y p i c a l  o f  r i v e r s  f l o w i n g  
t h r o u g h  p l a i n s ;  i m p e t u o s i t y  o f  mountain  r i v e r s ,  whose w a t e r  d i s -  
c h a r g e  is  u s u a l l y  n o t  g r e a t ;  and t h e  e v e n n e s s  o f  w a t e r  d i s c h a r g e  
d u r i n g  t h e  y e a r ,  which c a n  be e x p l a i n e d  by t h e  r e g u l a t i n g  r o l e  
o f  Lake B a i k a l .  
A t  i t s  o u t f l o w  from B a i k a l ,  t h e  R i v e r  c a r r i e s  l a r g e  masses  
o f  water--1950 m3 p e r  second .  Owing t o  t h e  r e p l e n i s h m e n t  f rom 
t h e  t r i b u t a r i e s ,  t h e  s t r e a m ' s  power i n c r e a s e s  r a p i d l y  amount ing 
- 
i n  t h e  midd le  r e a c h e s  t o  2906 m3 p e r  second i n  t h e  s e c t i o n  l i n e  
- 
n e x t  t o  t h e  B r a t s k  HPS, and t o  3132 m3 p e r  second  i n  t h e  s e c t i o n  
l i n e  n e x t  t o  t h e  Us t - I l imsk  HPS. The c u r r e n t  i s  s w i f t - - 0 . 9  t o  
1 . 5  m p e r  second--which c a n  be e x p l a i n e d  by a  g r e a t  f a l l  o f  
- 
s t ream--20.4  m3 p e r  km. To compare,  t h e  r e s p e c t i v e  f i g u r e  f o r  
t h e  Volga i s  7  cm, and f o r  t h e  Dnieper ,  9 .8  cm. 
- -- - - - 
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Figure 3. Cascade o f  hydroelectric stations on the Angara and Yenisei Rivers 
according to the 1953 scheme. 
The w a t e r  d i s c h a r g e  i n  t h e  Angara d u r i n g  t h e  y e a r  changes 
l i t t l e .  The maximum w a t e r  d i s c h a r g e  a t  t h e  r i v e r  head exceeds  
t h e  minimum o n l y  by 6 t i m e s .  On t h e  Dnieper ,  a t  t h e  Dnieper  HPS 
t h e  d i f f e r e n c e  is a s  h i g h  a s  200 t i m e s ,  on t h e  Kama and a t  t h e  
Kama HPS it is  100 t i m e s ,  and on t h e  Volga and a t  t h e  Lenin HPS 
it is  30-40 t i m e s .  G r e a t  f l u c t u a t i o n s  i n  t h e  d i s c h a r g e  o f  t h e s e  
r i v e r s ,  even w i t h  t h e  a i d  o f  l a r g e  r e s e r v o i r s ,  d o  n o t  e n s u r e  an 
even l o a d  on t h e  h y d r o - u n i t s  y e a r  round. 
The g e o l o g i c a l  c o n d i t i o n s  f o r  c o n s t r u c t i n g  a  HPS a r e  espe-  
c i a l l y  f a v o r a b l e  i n  t h e  middle  r e a c h e s  o f  t h e  Angara R i v e r ,  where 
it f l o w s  i n  a  narrow v a l l e y  c u t t i n g  th rough  h a r d  r o c k s  t h a t  can 
s e r v e  a s  a  r e l i a b l e  f o u n d a t i o n  f o r  h igh  dams. 
G i d r o p r o e k t  i n v e s t i g a t i o n s  c a r r i e d  o u t  i n  t h e  middle  r e a c h e s  
o f  t h e  Angara R i v e r  h a s  s u b s t a n t i a t e d  t h e  c o n s t r u c t i o n  o f  t h e  
B r a t s k  and t h e  Us t - I l imsk  HPSs. The fo rmer  h a s  a l r e a d y  been b u i l t ;  
t h e  l a t t e r  i s  n e a r i n g  comple t ion  and i t s  f i r s t  u n i t s  have a l r e a d y  
begun t o  g e n e r a t e  e l e c t r i c  power. Thus, t h e  hydropower r e s o u r c e s  
o f  t h i s  Region w i l l  be u t i l i z e d  i n  f u l l  i n  t h e  n e x t  few y e a r s .  
There  a r e  many f o r e s t s  on t h e  t e r r i t o r y  a d j o i n i n g  t h e  midd le  
r e a c h e s  o f  t h e  Angara R i v e r ,  up t o  90 p e r c e n t  o f  t h e  t o t a l  a r e a .  
The r e s e r v e s  o f  wood amount t o  1.4 x l o 9  m3, w i t h  a  t o t a l  a r e a  o f  
7 .8  m i l l i o n  h e c t a r e s  under  f o r e s t s .  The r e s e r v e s  o f  mature  and 
overmature  s t a n d s  o f  t h e  c o n i f e r o u s  s p e c i e s  r e a c h  257.5 m3 f o r  
p i n e ;  242.1 m3 f o r  c e d a r ,  and 236.8 m3 f o r  l a r c h  p e r  h e c t a r e .  
The q u a l i t y  o f  wood i s  high .  
T h e r e  a r e  v a r i o u s  m i n e r a l  d e p o s i t s  i n  t h e  Region. I r o n  o r e s  
a r e  most  i m p o r t a n t  and v a l u a b l e .  There  a r e  t h e  Angara-Ilimsk and 
t h e  Angara-Katsk i r o n - o r e  d e p o s i t s  on t h e  t e r r i t o r y ;  t h e s e  a r e  
b l a c k  i r o n  o r e s  c o n t a i n i n g  30-40 p e r c e n t  o f  u s e f u l  components. 
These r e s o u r c e s  a r e  e s t i m a t e d  a t  s e v e r a l  thousand m i l l i o n  t o n s .  
C u r r e n t l y ,  one d e p o s i t ,  t h e  Korshunovo, h a s  been deve loped ;  a  
q u a r r y  t h e r e  h a s  a  c a p a c i t y  o f  15 m i l l i o n  t o n s  o f  c r u d e  o r e  an- 
n u a l l y .  P r e p a r a t i o n s  a r e  b e i n g  made f o r  working t h e  Rudnogorsk 
d e p o s i t  w i t h  an a n n u a l  c a p a c i t y  o f  5-7 m i l l i o n  t o n s  o f  c r u d e  o r e .  
G e o l o g i c a l  r e s e r v e s  o f  i r o n  o r e s  i n  t h e  Region a r e  s u f f i c i e n t  t o  
s a t i s f y  t h e  needs  o f  a  m e t a l l u r g i c a l  p l a n t .  
Coal  b e a r i n g  f i e l d s  have been d i s c o v e r e d  i n  t h e  Region, and 
t h e  c o a l s  t h e r e  a r e  o f  a  h i g h  h e a t  v a l u e ,  w i t h  a  low s u l p h u r  con- 
t e n t ,  and a r e  t h u s  a  good energy  produc ing  f u e l .  c u r r e n t l y ,  t h e  
f i r s t  d e p o s i t s  of  i n d u s t r i a l  v a l u e  a r e  b e i n g  e x p l o r e d .  
A l a r g e  d e p o s i t  o f  q u a r t z i t i c  s a n d ,  I g i r m i n s k ,  was d i s c o v e r e d  
i n  t h e  Region a  few y e a r s  ago. I t  w i l l  t h e r e f o r e  b e  p o s s i b l e  t o  
b u i l d  a  q u a r r y  and a  sand  d r e s s i n g  p l a n t  f o r  p r o d u c i n g  moulding 
sands .  
G e o l o g i c a l  r e s e r v e s  o f  common s a l t  s u i t a b l e  f o r  working by 
u s i n g  t h e  underground l e a c h i n g  method a r e  v i r t u a l l y  u n l i m i t e d ;  
it i s  p o s s i b l e  t o  e x t r a c t  t a b l e  s a l t  and a l s o  raw m a t e r i a l s  f o r  
t h e  chemical  i n d u s t r y .  
There a r e  many l o c a l  b u i l d i n g  m a t e r i a l  d e p o s i t s  i n  t h e  Re- 
gion:  raw m a t e r i a l s  f o r  making b r i c k s  and ke ramz i t ,  b u i l d i n g  
sands ,  sand-grave l  mixture ,  b u i l d i n g  s t o n e ,  and l imes tone .  
Some of  t h e s e  m a t e r i a l s  a r e  be ing  used f o r  c o n s t r u c t i o n  and 
eng inee r ing  purposes.  
The economic development of t h e  Region c o n t r i b u t e s  t o  a  more 
i n t e n s i v e  s tudy  of  minera l  r e s o u r c e s ,  inasmuch a s  it f a c i l i t a t e s  
p r o s p e c t i n g  work r e s u l t i n g  from t h e  c o n s t r u c t i o n  of  t r a n s p o r t  
l i n e s .  P rospec t ing  work over  t h e  p a s t  few y e a r s  has  shown t h e  
p o s s i b l e  e x i s t e n c e  of o i l  and gas  f i e l d s  i n  t h e  Mid-Angara Re- 
g ion .  Vas t  r e s e r v e s  of h igh  q u a l i t y  water  and l a r g e - s c a l e  con- 
s t r u c t i o n  s i t e s  a l s o  c o n t r i b u t e  t o  t h e  i n d u s t r i a l  development of 
t h e  Region. 
Good c o n d i t i o n s  f o r  f i s h e r y  have been c r e a t e d  on b i g  r e s e r -  
v o i r s  i n  t h e  middle r eaches  of  t h e  Angara. However, t h e  p o s s i b i l -  
i t i e s  f o r  deve loping  a g r i c u l t u r e  a r e  l i m i t e d  because of  t h e  s eve re  
c l i m a t i c  c o n d i t i o n s  and r e l a t i v e l y  poor s o i l s .  
ECONOMIC DEVELOPMENT OF THE BITPC 
The Mid-Angara Region was s e t t l e d  by S o v i e t  e x p l o r e r s  much 
e a r l i e r  t han  t h e  remaining p a r t  o f  t h e  I r k u t s k  Region. I n  t h e  
l a t e  e i g h t e e n t h  Century,  an advantageous t r a n s p o r t  and geographic  
s i t u a t i o n  and t h e  p o s s i b i l i t i e s  f o r  farming made it p o s s i b l e  t o  
t u r n  t h e  I l imsk  Region a long  t h e  v a l l e y  of t h e  Angara i n t o  a  
base  f o r  t h e  s e t t l i n g  and e x p l o r a t i o n  of o t h e r  r eg ions  of Eas t e rn  
S i b e r i a  and t h e  Far  Eas t .  
Becuase of  d i f f i c u l t  c o n d i t i o n s  of  nav iga t ion  down t h e  Angara 
River  ( t h e  s w i f t  c u r r e n t  and numerous r a p i d s  and sandbanks) ,  t h e  
Region became l e s s  impor tan t  i n  t h e  economy of S i b e r i a  once t h e  
Moscow c a r t  t r a n s p o r t  road,  which passed sou th  of t h e  Mid-Angara 
Region, was b u i l t .  
The beginning  of t h e  i n d u s t r i a l  use of t h e  t e r r i t o r y ' s  na t -  
u r a l  r e sou rces  d a t e s  back t o  1845, when on t h e  bank of t h e  
Dolonovka River ,  n o t  f a r  from Bra t sk ,  t h e  c o n s t r u c t i o n  was s t a r -  
t e d  of  t h e  Nikolayevsk i r o n  foundry based on l o c a l  i r o n  o r e s  and 
cha rcoa l .  I n  1847, t h e  p l a n t  s t a r t e d  p roduc t ion ,  and c o n s t r u c t i o n  
was completed i n  1850. I ts  maximum ou tpu t  was 200,000 poods 
(1  pood e q u a l s  36 pounds) of p i g  i r o n ,  and 150,000 poods of i r o n  
and c a s t i n g s .  The Nikolayevsk i r o n  foundry p layed  a  l e a d i n g  r o l e  
i n  t h e  economic development of E a s t e r n  S i b e r i a .  The p l a n t  has  
produced s teamers  f o r  t h e  Angara River  and equipment f o r  t h e  Lena 
g o l d f i e l d s  a s  we l l  a s  r o l l e d  me ta l ,  s h e e t  i r o n ,  s t o v e s ,  e t c .  
During t h e  c o n s t r u c t i o n  of t h e  Trans-Siber ian  Railway l i n e ,  t h e  
p l a n t  was commissioned t o  manufacture r a i l s  and b r i d g e  i r o n .  
The p l a n t  s topped  work i n  1899, when t h e  wes tern  p a r t  of t h e  
B a i k a l  Region became connec ted  by a  r a i l w a y  w i t h  t h e  European 
p a r t  o f  t h e  c o u n t r y .  
The c o n s t r u c t i o n  o f  a  c a r t  t r a n s p o r t  r o a d  between Tulun and 
B r a t s k ,  completed i n  1897, b r o u g h t  a  g r e a t e r  i n f l u x  o f  s e t t l e r s  
t o  t h e  Mid-Angara Region,  and c o n t r i b u t e d  t o  t h e  development  o f  
a g r i c u l t u r e  h e r e .  
During t h e  1930s and 1940s when t h e  a u t o m o b i l e  f u l l y  re- 
p l a c e d  c a r t  t r a n s p o r t ,  l a r g e  t r a n s - s h i p p i n g  b a s e s  f o r  s u p p l y i n g  
t h e  n o r t h e r n  p a r t s  o f  t h e  I r k u t s k  Region and Y a k u t i a  w e r e  set 
up i n  t h e  Mid-Angara Region. Cargoes  were g o i n g  down t h e  Angara 
R i v e r  t o  t h e  p i e r  o f  Zayarsk ,  f rom where t h e y  w e r e  d e l i v e r e d  by 
l o r r i e s  t o  Ust-Kut on t h e  Lena R i v e r .  
I n  1949, a  r a i l w a y  l i n e  c o n n e c t i n g  t h e  Angara R i v e r  bank 
w i t h  T a i s h e t  c r e a t e d  f a v o r a b l e  c o n d i t i o n s  f o r  t h e  development  o f  
t h e  n a t u r a l  r e s o u r c e s  o f  t h e  Mid-Angara Region.  
The d e c i s i o n  i n  1954 t o  c o n s t r u c t  t h e  B r a t s k  HPS g r e a t l y  
a c c e l e r a t e d  t h e  development  r a t e  o f  t h e  R e g i o n ' s  n a t u r a l  r e -  
s o u r c e s ,  p r i m a r i l y ,  t i m b e r .  While p r e p a r i n g  t h e  bed o f  a  f u t u r e  
r e s e r v o i r  f o r  f l o o d i n g ,  it was n e c e s s a r y  t o  f e l l  a b o u t  
- 
40 m i l l i o n  m' o f  wood on a  t e r r i t o r y  o f  370,000 h e c t a r e s .  
Inasmuch a s  t h e  comprehensive development  o f  t h e  r e s o u r c e s  
of t h e  Mid-Angara Region was p l a n n e d  from t h e  b e g i n n i n g ,  i n  
September  1956 t h e  USSR C o u n c i l  o f  M i n i s t e r s  d e c i d e d ,  t o  o rga-  
n i z e  a  s i n g l e  b a s e  i n  B r a t s k  f o r  c o n s t r u c t i n g  a l l  p r o j e c t s  i n  
t h e  r e g i o n .  I n  December 1955, B r a t s k l e s ,  a  t r u s t  i n  c h a r g e  o f  
c l e a r i n g  t h e  s i te  o f  t h e  f u t u r e  r e s e r v o i r  f rom f o r e s t s ,  was s e t  
up. I n  a  s h o r t  p e r i o d  it o r g a n i z e d  26 i n d u s t r i a l  f o r e s t r y  cen- 
t e r s  t h a t  were  p l a c e d  a t  even  i n t e r v a l s  on t h e  t e r r i t o r y  o f  t h e  
f u t u r e  r e s e r v o i r .  
A s h a r p  i n c r e a s e  i n  t i m b e r  p rocurement  i n  t h e  Mid-Angara 
Region r e q u i r e d  t h e  c o n s t r u c t i o n  o f  t i m b e r  t r a n s - s h i p p i n g  b a s e s  
t o  t r a n s p o r t  t i m b e r  f l o a t e d  down t h e  Angara R i v e r  and i t s  t r i b -  
u t a r i e s  t o  t h e  r a i l w a y .  Wood sawing and p r o c e s s i n g  p l a n t s  were 
needed t o  improve t h e  c o n d i t i o n s  o f  wood t r a n s p o r t i o n  and t o  
m e e t  t h e  n e e d s  o f  l o c a l  u s e r s  o f  t i m b e r .  
I n  1957,  t h e  Moscow S t a t e  I n s t i t u t e  f o r  Urban P l a n n i n g  com- 
p l e t e d  a  d i s t r i c t  p l a n  f o r  t h e  B r a t s k  Power and I n d u s t r i a l  C e n t e r ,  
which took  i n t o  a c c o u n t  new e n g i n e e r i n g  methods and t e c h n i q u e s  
and t h e  economic development  l e v e l  o f  a d j o i n i n g  t e r r i t o r i e s  
( F i g u r e  4 ) .  The e s s e n t i a l  changes  concerned  power s u p p l y ,  which 
b e f o r e  commissioning t h e  HPS, was o r i e n t e d  toward  t h e  t r a n s m i s s i o n  
o f  e l e c t r i c  power f rom t h e  Irkutsk-Cheremkhovo T e r r i t o r i a l  Pro- 
d u c t i o n  Complex, a s  w e l l  a s  t h e  wood p r o c e s s i n g  i n d u s t r y .  (The 
a l l  round  u s e  o f  wood and c o n c e n t r a t i o n  o f  wood p r o c e s s i n g  o p e r -  
a t i o n s  have  i n c r e a s e d .  ) 
I I  , 
I-J g 
i 
i r o n - o r e  c o n c e n t r a t e ;  
i r o n ,  s t e e l ;  
c e l l u l o s e ,  c a r d b o a r d ,  lumber ,  
plywood, etc.  ; 
c e l l o p h a n e ,  s y n t h e t i c  f i b e r ;  
s y n t h e t i c  f i b e r ,  r u b b e r ,  
p o l y e t h y l e n e ,  e t c . ;  
electr ic  power; 
aluminium; 
a luminium p r o d u c t s ;  
moulding sand ;  
TPC p r o d u c t s  consumed o u t s i d e  
TPCs bounds; 
p r o d u c t i o n  o f  c e l l o p h a n e  and 
s y n t h e t i c  f i b e r ;  
o r g a n i c  c h l o r i n e  s y n t h e s i s ;  
p r o c e s s i n g  o f  aluminium; 
e l e c t r o m e t a l l u r g y  ; 
t h e r m a l  e n e r g y  p r o d u c t i o n ;  
thorough  mechanica l  and 
chemica l  p r o c e s s i n g ;  
e l e c t r o l y s i s  o f  sodium 
c h l o r i d e ;  
w a t e r  s u p p l y  system; 
e l e c t r o l y s i s  o f  a lumina;  
power s u p p l y  sys tem;  
s u p p l i e s  t o  p o p u l a t i o n ;  
c o n s t r u c t i o n  o f  i n d u s t r i a l  
and o t h e r  f a c i l i t i e s ;  
s t o r a g e  ; 
p r o c e s s i n g ;  
p r o d u c t i o n  o f  l o c a l  
b u i l d i n g  m a t e r i a l s ;  
mining and d r e s s i n g ;  
mining and d r e s s i n g ;  
t i m b e r  l o g g i n g ;  
mining and t r e a t m e n t ;  
p r o d u c t i o n  and r e f  inment ;  
w a t e r  supp ly ;  
e l e c t r i c  power; 
f i s h - f a r m i n g ;  
a g r i c u l t u r a l  p r o d u c t i o n ;  
mining and d r e s s i n g ;  
mining and d r e s s i n g  o f  
moulding s a n d s ;  
i r o n  o r e ;  
c o a l  ; 
f o r e s t  r e s o u r c e s ;  
common s a l t ;  
o i l ,  g a s ;  
w a t e r  r e s o u r c e s ;  
a r a b l e  l a n d ;  
n o n m e t a l l i c  m i n e r a l s .  
I n  1958, c o n s t r u c t i o n  began o f  a  1ar.ge t i m b e r  p r o d u c t i o n  
complex i n  t h e  Mid-Angara Region t o  p r o c e s s  t h e  wood p r o c u r e d  
i n  t h i s  a r e a .  I ts  a n n u a l  c a p a c i t y  was 7  m i l l i o n  m3 o f  wood. 
A t  t h e  same t i m e  t h e  Korshunovo i r o n - o r e  d e p o s i t  was deve loped ,  
and i n  1961, an  aluminium works was c o n s t r u c t e d .  
From t h e  b e g i n n i n g ,  t h e  economic development  of  t h e  Mid- 
Angara Region was c a r r i e d  o u t  w i t h  a  view t o  a c h i e v i n g  u tmos t  
e f f i c i e n c y .  The d e a d l i n e  f o r  t h e  f i l l i n g  o f  t h e  r e s e r v o i r  was 
pos tponed ,  s i n c e  t h e  e f f e c t  o f  c u r t a i l i n g  e x p e n s e s  f o r  c l e a n i n g  
t h e  beds  f o r  f u t u r e  r e s e r v o i r s  proved t o  b e  c o n s i d e r a b l y  g r e a t e r  
t h a n  t h e  work o f  t h e  HPS a t  h i g h e r  w a t e r  l e v e l  marks.  De lay ing  
t h e  f i l l i n g  o f  t h e  r e s e r v o i r  f o r  two y e a r s  made i t  p o s s i b l e  t o  
c u r t a i l  t h e  c a p i t a l  e x p e n d i t u r e s  on f e l l i n g  o p e r a t i o n s  by 
110 m i l l i o n  r o u b l e s ,  t h e  number o f  workers  by 11,000,  and t h e  
-, 
c o s t  o f  1 .0  m' of  wood by 0.1 r o u b l e .  The maximum a n n u a l  volume 
o f  f e l l i n g  was t h u s  lowered by 3 m i l l i o n  m3 [6] . 
The c o n s t r u c t i o n  of  t h e  B r a t s k  HPS proceeded  a t  a  r a p i d  p a c e .  
Work on t h e  main s t r u c t u r e s  began i n  1957, and i n  1959, t h e  
Angara R i v e r  was spanned.  I n  1961, t h e  f i r s t  u n i t s  were comina 
i n t o  o p e r a t i o n  and, i n  1967, t h e  s t a t i o n f  s c a p a c i t y  reached  
4100 kW. 
B u i l d i n g s  o f  t h e  above-mentioned i n d u s t r i a l  e n t e r p r i s e s ,  
food i n d u s t r y  e n t e r p r i s e s  and v a r i o u s  components o f  t h e  produc- 
t i o n  and s o c i a l  i n f r a s t r u c t u r e  were b e i n g  set  up s i m u l t a n e o u s l y  
w i t h  t h e  c o n s t r u c t i o n  o f  t h e  B r a t s k  HPS. A s  t h e  m a t e r i a l  b a s e  
o f  c o n s t r u c t i o n  s t r e n g t h e n e d ,  t h e  r a t e s  o f  b u i l d i n g  w e r e  r a i s e d ,  
t h u s  making it p o s s i b l e  t o  commission new c a p a c i t i e s  c o n c u r r e n t l y  
w i t h  t h e  comple t ion  o f  t h e  HPS. I n  1965, t h e  f i r s t  i n s t a l l a t i o n s  
were coming i n t o  o p e r a t i o n  a t  t h e  B r a t s k  t i m b e r  p r o d u c t i o n  com- 
p l e x  and t h e  Korshunovo o r e - d r e s s i n g  p l a n t ,  and i n  1966, a t  t h e  
aluminium works.  I n  1963, t h e  B r a t s k  d a i r y  p l a n t  began o p e r a t i n g ,  
and i n  1964, a  meat pack ing  p l a n t  became o p e r a t i o n a l .  
The r e d u c t i o n  i n  t h e  amount o f  work on t h e  c o n s t r u c t i o n  s i t e  
o f  t h e  B r a t s k  HPS a f t e r  1962 r e l i e v e d  machines ,  mechanisms, and 
equipment  used i n  h y d r o e n g i n e e r i n g  work. The demand f o r  h y d r a u l i c  
e n g i n e e r s  and manpower a l s o  d i m i n i s h e d .  A l l  t h i s  made it p o s s i b l e  
t o  p r e p a r e  f o r  c o n s t r u c t i n g  t h e  Us t - I l imsk  HPS which had t o  be 
b u i l t  under  d i f f i c u l t  c o n d i t i o n s .  The s i t e  o f  t h e  new s t a t i o n  
was 250 km from B r a t s k ,  and was n o t  connec ted  t o  it by any over -  
l a n d  t r a n s p o r t  l i n e s .  There  was no s h i p p i n g  i n  t h i s  s e c t i o n  o f  
t h e  Angara River  owing t o  numerous r a p i d s .  A l l  t h i s  r e q u i r e d  ad- 
d i t i o n a l  t i m e  and e x p e n d i t u r e s .  A t  f i r s t ,  an  au tomobi le  road  was 
l a i d  o u t  on t h e  l e f t  bank o f  t h e  River .  A f t e r  t h e  removal o f  
r a p i d s ,  t h e  s e c t i o n  from B r a t s k  t o  Ust-I l imsk became n a v i g a b l e .  
I n  1963, because  t r a n s p o r t  a r t e r i e s  e x i s t e d ,  it was p o s s i b l e  t o  
b e g i n  d e l i v e r i e s  o f  machines and b u i l d i n g  m a t e r i a l s  n e c e s s a r y  
f o r  c o n s t r u c t i n g  t h e  s t a t i o n .  To supply  t h e  c o n s t r u c t i o n  s i t e  
w i t h  e l e c t r i c i t y ,  power t r a n s m i s s i o n  l i n e s  were i n s t a l l e d  from 
t h e  B r a t s k  s t a t i o n  t o  Us t - I l imsk .  I n  1966, t h e  c o n s t r u c t i o n  o f  
t h e  s t a t i o n  began;  i n  1968, t h e  Angara was begun, and t h e  f i r s t  
u n i t s  became o p e r a t i o n a l  i n  1974 [ 7 ] .  
A s  i n  t h e  p r e v i o u s  c a s e ,  t h e  development  o f  t h e  a d j o i n i n g  
t e r r i t o r i e s  had t o  be comprehensive;  t h e r e f o r e  by 1970, a  r a i l w a y  
l i n e  had been b u i l t  from Khrebtovaya s t a t i o n  t o  Ust-I l imsk.  T h i s  
made it p o s s i b l e  t o  c o n s i d e r a b l y  lower  t h e  c o s t  b o t h  o f  d e l i v e r i n g  
b u i l d i n g  m a t e r i a l s  and o f  s h i p p i n g  t i m b e r  p r o c u r e d  from t h e  a r e a  
o f  t h e  f u t u r e  r e s e r v o i r .  I n  d e t e r m i n i n g  t h e  r a t e  o f  t h e  c o n s t r u c -  
t i o n  o f  t h e  HPS due  a c c o u n t  was g i v e n  t o  t h e  i n t e r e s t s  o f  a l l  
d e p a r t m e n t s  t a k i n g  p a r t  i n  t h e  development .  T h e r e f o r e ,  t h e  t i m e  
a l l o t t e d  f o r  f i l l i n g  t h e  r e s e r v o i r  was a l s o  e x t e n d e d  beyond t h e  
l i m i t s  d i c t a t e d  by t h e  c o n s t r u c t i o n  o f  t h e  HPS. 
The i n t e n s i v e  i n d u s t r i a l  development o f  t h e  Mid-Angara Re- 
g i o n  h a s  had a  p rofound  i n f l u e n c e  on t h e  development  and d i s t r i -  
b u t i o n  o f  a g r i c u l t u r a l  p r o d u c t i o n  t h e r e .  The c r e a t i o n  o f  r e s e r -  
v o i r s  a t  HPSs h a s  caused  a  s h i f t  o f  a g r i c u l t u r a l  p r o d u c t i o n  from 
r i v e r  v a l l e y s ,  where it used t o  d e v e l o p ,  t o  w a t e r s h e d s  w i t h  t h e i r  
l e s s  f a v o r a b l e  n a t u r a l  c o n d i t i o n s  and lower  s o i l  f e r t i l i t y .  T h i s  
c a l l e d  f o r  t h e  u s e  o f  g r e a t e r  amounts o f  f e r t i l i z e r  e s p e c i a l l y  
d u r i n g  t h e  i n i t i a l  p e r i o d .  To f u l l y  and q u i c k l y  s a t i s f y  t h e  l o c a l  
r e q u i r e m e n t s  o f  t h e  p o p u l a t i o n  f o r  l o c a l  f o o d - s t u f f s ,  a g r i c u l t u r a l  
e n t e r p r i s e s  have  been o r g a n i z e d  a l o n g  w i t h  an expans ion  o f  t r a d i -  
t i o n a l  fa rming  and l i v e s t o c k  b r e e d i n g ,  on an i n d u s t r i a l  b a s i s  
--e.g. ,  mechanized p o u l t r y  fa rms ,  h o t h o u s e s ,  f a t t e n i n g  farms.  
RESULTS OF THE DEVELOPMENT 
The p lanned  e x p l o i t a t i o n  o f  t h e  n a t u r a l  r e s o u r c e s  i n  t h e  
Mid-Angara Region, which began i n  t h e  1950s,  l a i d  t h e  f o u n d a t i o n  
f o r  t h e  c r e a t i o n  o f  t h e  BITPC. The r o l e  o f  t h e  BITPC i s  n o t i c e -  
a b l e  n o t  o n l y  i n  t h e  economy o f  E a s t e r n  S i b e r i a  b u t  a l s o  i n  t h e  
n a t i o n a l  economy. 
During t h e  two decades  o f  i n t e n s i v e  economic development ,  
l a r g e  i n d u s t r i a l  p r o j e c t s  have been b u i l t  h e r e  ( F i g u r e  5 ) .  The 
B r a t s k  aluminium works,  once it  r e a c h e s  i t s  d e s i g n  c a p a c i t y  i n  
t h e  n e x t  few y e a r s ,  w i l l  become t h e  c o u n t r y ' s  b i g g e s t  e l e c t r o l y s i s  
p l a n t .  I n  1974, t h e  f i r s t  t h r e e  u n i t s  o f  t h e  Us t - I l imsk  HPS were 
commissioned, and t h e  c o n s t r u c t i o n  o f  t h e  Ust-I l imsk t i m b e r  pro-  
d u c t i o n  complex was begun. To d e v e l o p  t i m b e r  r e s o u r c e s  i n  t h e  
BITPC, s e v e r a l  dozen i n d u s t r i a l  f o r e s t r y  c e n t e r s  were o r g a n i z e d .  
A g r i c u l t u r a l  p r o d u c t i o n  on new l a n d s ,  deve loped  a f t e r  f l o o d i n g  
o l d  a r a b l e  l a n d s  d u r i n g  t h e  f i l l i n g  o f  t h e  B r a t s k  r e s e r v o i r ,  was 
s t a r t e d  p r a c t i c a l l y .  
The t e r r i t o r y  o f  t h e  BITPC compr i ses  11.5 p e r c e n t  o f  t h e  
I r k u t s k  Region; 15 p e r c e n t  o f  t h e  Region ' s  p o p u l a t i o n  l i v e s  h e r e .  
C u r r e n t l y  t h e  BITPC a c c o u n t s  f o r  28 p e r c e n t  o f  t h e  g r o s s  i n d u s -  
t r i a l  o u t p u t  o f  t h e  Region. I n  1974, it produced 29 .3  x l o 9  kwh 
o f  e l e c t r i c i t y ;  6 .2  m i l l i o n  t o n s  o f  i r o n - o r e  c o n c e n t r a t e ;  
3  220,000 t o n s  of commercial c e l l u l o s e ;  403,000 m of  f e r r o - c o n c r e t e  
i t e m s  8.7 m i l l i o n  m3 o f  workable  wood; 1 . 8  m i l l i o n  m3 o f  lumber.  
I n  1975, t h e  s h a r e  o f  t h e  complex i n  t h e  i n d u s t r i a l  o u t p u t  o f  t h e  
I r k u t s k  Region i s  e x p e c t e d  t o  exceed  30 p e r c e n t .  I t s  r o l e  i s  
e s p e c i a l l y  i m p o r t a n t  i n  such a r e a s  a s  f e r r o u s  and n o n - f e r r o u s  
m e t a l l u r g y ,  p r o d u c t i o n  o f  e l e c t r i c  and t h e r m a l  e n e r g y ,  b u i l d i n g  
m a t e r i a l s ,  t i m b e r  and c e l l u l o s e .  I n  terms of  s i z e  o f  i n d u s t r i a l  
p r o d u c t i o n ,  t h e  BITPC p l a y s  a  s i g n i f i c a n t  r o l e  i n  t h e  Angara- 
Y e n i s e i  Region: i t s  s h a r e  i n  t h e  Region ' s  i n d u s t r i a l  o u t p u t  h a s  
a l r e a d y  exceeded  10 p e r c e n t .  I n  t h i s  r e s p e c t ,  t h e  complex i s  
second o n l y  t o  t h e  o l d e r  Cent ra l -Krasnoyarsk  TPC and t h e  I r k u t s k -  
Cheremkhovo TPC [ 8 ] .  
To comprehend t h e  r e s u l t s  o f  t h e  economic development  o f  t h e  
BITPC, l e t  u s  l o o k  a t  i t s  changing  r o l e  i n  t h e  Region ' s  economy. 
For  example t h e  BITPC's s h a r e  i n  t h e  R e g i o n ' s  p o p u l a t i o n  grew from 
3.3 p e r c e n t  i n  1939 t o  14.9 p e r c e n t  i n  1970, and i t s  c o n t r i b u t i o n  
t o  t h e  r e g i o n a l  p r o d u c t i o n  o f  g r a i n ,  p o t a t o e s ,  v e g e t a b l e s ,  meat ,  
fowl  and mi lk  h a s  r e c e n t l y  i n c r e a s e d  [ 9 ] .  
The BITPC h a s  power fu l  c o n s t r u c t i o n  e n t e r p r i s e s .  I n  1974, 
a b o u t  400 m i l l i o n  r o u b l e s  were used f o r  c o n s t r u c t i o n  and assembly 
work on t h e  t e r r i t o r y ,  more t h a n  80 p e r c e n t  o f  which was used by 
B r a t s k g e s s t r o i .  The BITPC c o n s t r u c t i o n  o r g a n i z a t i o n s  have con- 
s i d e r a b l e  c a p a c i t i e s  f o r  p r o d u c i n g  b u i l d i n g  m a t e r i a l s ;  i n  1974, 
t h e  t o t a l  amount o f  b u i l d i n g  m a t e r i a l s  p r o d u c t i o n  exceeded 
100 m i l l i o n  r o u b l e s .  Some o f  t h e s e  m a t e r i a l s  s a t i s f y  i n  f u l l  
Figure 5. Location of industrial production in BITPC as of January 1 ,  1975. 
(See next page for key.) 
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t i m b e r ,  woodworking and 
c e l l u l o s e  and p a p e r  
i n d u s t r y ;  
@ b u i l d i n g  m a t e r i a l s  i n d u s t r y ;  
@ food i n d u s t r y ;  
0 o t h e r  i n d u s t r i e s ;  
- r a i l w a y s ;  
- motor r o a d s ;  
. .-., b o u n d a r i e s  o f  t e r r i t o r i a l -  
p r o d u c t i o n  complex; 
I n d u s t r i a l  P r o d u c t i o n  i n  1974 
0 from 50-100 m i l l i o n  r o u b l e s ;  
0 from 5-15 m i l l i o n  r o u b l e s ;  
0 less t h a n  5  m i l l i o n  r o u b l e s .  
t h e  c o n s t r u c t i o n  r e q u i r e m e n t s  on t h e  BITPC t e r r i t o r y ;  moreover ,  
t h e y  a r e  s h i p p e d  f o r  u s e  i n  o t h e r  r e g i o n s  of  t h e  c o u n t r y  and a r e  
a l s o  e x p o r t e d .  
The o r g a n i z a t i o n  o f  l a r g e  e n t e r p r i s e s  i n  t h e  BITPC h a s  
changed t h e  r o l e  and s i g n i f i c a n c e  o f  t h i s  Region i n  S i b e r i a .  Due 
t o  t h e  t r a n s m i s s i o n  o f  g r e a t  amounts o f  cheap  e l e c t r i c i t y  and 
t h e  s u p p l y  o f  b u i l d i n g  m a t e r i a l s  t o  o u t s i d e  u s e r s ,  t h e  BITPC con- 
t r i b u t e s  t o  t h e  development o f  o t h e r  r e g i o n s  o f  S i b e r i a .  
Many e n t e r p r i s e s  i n  t h e  c o u n t r y  u s e  p r o d u c t s  manufac tured  
by p l a n t s  and f a c t o r i e s  o f  t h e  BITPC. C u r r e n t l y ,  m i l l i o n s  o f  
c u b i c  meters of  wood, hundreds  o f  thousands  o f  t o n s  o f  lumber ,  
s e v e r a l  hundred t h o u s a n d s  of  t o n s  of  c e l l u l o s e  and c a r b o a r d ,  and 
o v e r  6 m i l l i o n  t o n s  o f  i r o n - o r e  c o n c e n t r a t e  a r e  s h i p p e d  from h e r e ;  
some i s  e x p o r t e d .  
I n d u s t r i a l  e n t e r p r i s e s  i n  t h e  BITPC, b o t h  t h o s e  t h a t  a r e  
o p e r a t i o n a l  and under  c o n s t r u c t i o n ,  a r e  c h a r a c t e r i z e d  by h i g h  
economic e f f i c i e n c y .  During t h e  f i r s t  t h r e e  y e a r s  of  t h e  c u r r e n t  
Five-Year P lan  pe r iod ,  t h e y - y i e l d e d  923  m i l l i o n  r o u b l e s  i n  p r o f i t .  
The Bra t sk  HPS has  payed f o r  i t s e l f  s e v e r a l  t imes  over .  The 
p r o f i t a b l e n e s s  of  producing i ron -o re  c o n c e n t r a t e  a t  t h e  
Korshunovo o re -d re s s ing  p l a n t  exceeds 40  percent .  I n  t h e  f i r s t  
t h r e e  y e a r s  o f  t h e  n i n t h  Five-Year P lan ,  it t u rned  a  p r o f i t  o f  
6 1  m i l l i o n  roub le s .  The Bra tsk  t imber product ion  complex i s  t h e  
c o u n t r y ' s  l a r g e s t  i n  terms of  commercial o u t p u t  and p r o f i t ,  y i e l d -  
i n g  an annual  p r o f i t  o f  about  50 m i l l i o n  roub le s .  The wood pro-  
cured by t h e  BITPC e n t e r p r i s e s  is  d i s t i n g u i s h e d  by i t s  low c o s t  
and h igh  q u a l i t y .  
The development of t h e  n a t u r a l  r e sou rces  i n  t h e  Mid-Angara 
Region has  l e d  t o  cons ide rab l e  changes i n  t h e  l i v i n g  c o n d i t i o n s  
o f  t h e  popu la t i on .  I n  p l a c e  of  s m a l l  v i l l a g e s ,  modern s e t t l e m e n t s  
and towns have sprung up, and urban housing f a c i l i t i e s  has  been 
f u l l y  modernized. 
E s s e n t i a l  changes have occu r r ed  i n  t h e  t r a n s p o r t  a r e a .  Be- 
f o r e  t h e  development of  t h i s  t e r r i t o r y ,  t h e r e  were p r a c t i c a l l y  
no ove r l and  t r a n s p o r t  l i n e s  and horse-dr iven  c a r t s  were t h e  main 
means of  t r a n s p o r t a t i o n ;  now by c o n t r a s t ,  t h e  i n d u s t r i a l  c e n t e r s  
of  t h e  complex a r e  connected by ra i lway l i n e s .  Motor roads  have 
been l a i d  o u t  t o  a l l  c e n t e r s  o f  a g r i c u l t u r a l  p roduct ion  and t h e  
t imber i n d u s t r y .  A i r  t r a n s p o r t  h a s  a l s o  developed i n t e n s i v e l y .  
A i rp l anes  now f l y  t o  a l l  remote popula ted  a r e a s .  An a i r f i e l d  
has  been b u i l t  i n  Bra t sk ,  capable  of r e c e i v i n g  l a r g e  a i r p l a i n e s .  
Because of deep r e s e r v o i r s  and economic development, wa te r  t r a n s  
p o r t  ha s  become advanced; it c a r r i e s  l a r g e  ca rgoes  of t imber  and 
b u i l d i n g  m a t e r i a l s .  
A s  a  r e s u l t  o f  t h e  l a r g e  amount of cheap e l e c t r i c i t y ,  it i s  
p o s s i b l e  t o  economical ly use it i n  i n d u s t r y ,  f o r  t r a n s p o r t ,  a g r i -  
c u l t u r e  and c o n s t r u c t i o n  and a l s o  f o r  d a i l y  l i v i n g  a c t i v i t i e s .  
The m a j o r i t y  of  homes i n  t h e  a r e a  have e l e c t r i c  s t o v e s ,  r e f r i g -  
e r a t o r s ,  washing machines, vacuum c l e a n e r s ,  e t c .  E l e c t r i c  power 
is a l s o  used f o r  hea t ing .  For example, i n  t h e  town o f  Ust-I l imsk,  
t h e  supply of  h e a t  i s  r e g u l a t e d  by e l e c t r i c  boi ler-rooms.  The 
popula t ion  of t h e  BITPC l i v e s  i n  modern comfor tab le  c i t i e s  and 
s e t t l e m e n t s .  Cons iderable  changes have a l s o  t aken  p l a c e  i n  t h e  
f i e l d  of  c u l t u r e .  Bra tsk  has  a  branch of  t h e  I r k u t s k  Poly techni -  
c a l  I n s t i t u t e  f o r  t r a i n i n g  s k i l l e d  personnel  f o r  t h e  BITPC and 
a d j a c e n t  r eg ions .  There a r e  secondary e d u c a t i o n a l  e s t ab l i shmen t s  
and v o c a t i o n a l  schools .  Both c e n t r a l  and l o c a l  t e l e c a s t s  can be 
r ece ived  throughout  t h e  e n t i r e  t e r r i t o r y  of  t h e  BITPC. Consider- 
a b l e  advances have a l s o  been made i n  c r e a t i n g  f a c i l i t i e s  f o r  r e s t ,  
r e c r e a t i o n ,  and s p o r t .  
The development of  t h e  BITPC i n  a  poor ly  i n h a b i t e d  inc lement  
r eg ion  w i l l  be  s tud i ed  w i t h  i n t e r e s t  f o r  a  long t ime t o  come a s  
an example of  t h e  implementat ion o f  a  comprehensive program. 
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D i s c u s s i o n  
The d i s c u s s i o n  opened w i t h  a n  i n q u i r y  a b o u t  t h e  r o l e  o f  t h e  
t e r r i t o r i a l  p r o d u c t i o n  complex (TPC) i n  r e g i o n a l  development .  
I t  was p o i n t e d  o u t  t h a t  t h e  development  o f  a  TPC i s  a  p r o c e s s  
i n v o l v i n g  s e c t o r i a l  and r e g i o n a l  problems.  C o n s i d e r a b l e  e f f o r t s  
have been made t o  improve t h e  a l l o c a t i o n  o f  p r o d u c t i v e  f o r c e s  t o  
s u p p o r t  r e g i o n a l  development ;  t h i s  i s  s u p p o r t e d  by t h e  p l a n n i n g  
p r o c e s s .  More t h a n  100 r e s e a r c h  i n s t i t u t i o n s  a r e  i n v o l v e d  i n  
t h e  development  o f  m a s t e r  schemes and t h e  n a t i o n a l  p l a n .  
A t t e n t i o n  t h e n  focused  on t h e  r e l a t i o n s h i p  o f  t h e  M i n i s t r i e s  
i n  c h a r g e  o f  i n d u s t r i a l  development  and t h e  l o c a l  S o v i e t s .  It was 
n o t e d  t h a t  d e c i s i o n s  have been t a k e n  t o  enhance t h e  r o l e  o f  t h e  
l o c a l  S o v i e t s .  The f o r m a t i o n  of  t h e  C i t y  S o v i e t  i n  B r a t s k  was a  
f i r s t  s t e p  toward t h e  s u p e r v i s i o n  and s u p p o r t  of t h e  a c t i v i t i e s  
o f  e n t e r p r i s e s  l o c a t e d  t h e r e .  The l o c a l  S o v i e t s  p l a y  a  major  
r o l e  i n  a s s i s t i n g  e n t e r p r i s e s  t o  f o r m u l a t e  and implement t h e i r  
development  p l a n s .  
Responding t o  a  r e q u e s t  f o r  i n f o r m a t i o n  a b o u t  t h e  p l a n n i n g  
p r o c e s s  i n  t h e  USSR, one p a r t i c i p a n t  s t a t e d  t h a t  d u r i n g  r e c e n t  
y e a r s ,  i n t e n s i v e  work h a s  been c a r r i e d  o u t  on t h e  f i f t e e n - y e a r  
development  p l a n  f o r  t h e  p e r i o d  1975-1990. The p l a n  i s  compre- 
h e n s i v e ,  and t a k e s  i n t o  a c c o u n t  t e c h n o l o g i c a l  and s c i e n t i f i c  
t r e n d s .  The 2 5 t h  Congress  o f  t h e  Communist P a r t y  o f  t h e  S o v i e t  
Union h a s  i n s t r u c t e d  t h a t  work c o n t i n u e  on t h e  p l a n ,  which w i l l  
be  m o d i f i e d  e v e r y  f i v e  y e a r s .  Moreover, t h e  f  ive -year  p l a n  w i l l  
be  upda ted  a n n u a l l y .  S i g n i f i c a n t  changes  o c c u r r i n g  d u r i n g  t h e  
f i v e - y e a r  p e r i o d  w i l l  be i n c o r p o r a t e d  i n t o  t h e  p l a n  by government 
d e g r e e s .  Another  mechanism f o r  u p d a t i n g  t h e  p l a n  i s  a n n u a l  i n d i -  
c a t o r s .  
A l t e r n a t i v e s  t o  t h e  approved p l a n s  a r e  c o n s i d e r e d  a t  t h e  p r e -  
p l a n n i n g  s t a g e .  I n  t h e  c a s e  o f  t h e  B r a t s k - I l i m s k  Complex, t h i r t y  
y e a r s  a g o  t h e r e  were many who opposed i t s  development;  t h e y  
t h o u g h t  i t  more f e a s i b l e  t o  d e v e l o p  t h e  a r e a s  around t h e  t r a n s -  
S i b e r i a n  r a i l r o a d .  However, it was soon r e c o g n i z e d  t h a t  it was 
more i m p o r t a n t  t o  i n t e g r a t e  t h e  development  o f  a r e a s  r i c h  i n  
n a t u r a l  r e s o u r c e s .  S i m i l a r  d i s c u s s i o n s  t o o k  p l a c e  a t  t h e  i n i t i a l  
development  s t a g e  o f  t h e  Complex, when many c o n s i d e r e d  it more 
p r a c t i c a l  t o  e x p o r t  t h e  r e g i o n ' s  e n e r g y  t o  o t h e r  a r e a s  o f  t h e  
S o v i e t  Union. D i s c u s s i o n s  r e g a r d i n g  t h e  n a t u r e  of f u r t h e r  d e v e l o p  
ments  o f  t h e  Complex s t i l l  t a k e  p l a c e ,  a s  f o r  example t h e  r e c e n t  
t a l k s  a b o u t  d e v e l o p i n g  t h e  chemica l  i n d u s t r y  a t  t h e  Complex. 
During t h e  p r e p l a n n i n g  s t a g e ,  r e s e a r c h  and d e s i g n  a r e  c a r r i e d  
o u t  by t h e  a p p r o p r i a t e  i n s t i t u t i o n s  and o r g a n i z a t i o n s ,  and sugges-  
t i o n s  a r e  made t o  t h e  r e s p o n s i b l e  p l a n n i n g  o r g a n i z a t i o n .  I n f o r -  
m a t i o n  e s s e n t i a l  t o t h e  p l a n n i n g  p r o c e s s  i s  a l s o  r e c e i v e d  from t h e  
M i n i s t r i e s  and Republ ic  a u t h o r i t i e s .  The p r o c e s s  i s  completed 
when t h e  p l a n  i s  approved by t h e  Supreme S o v i e t .  The v i e w s  o f  
each h ie ra rch ica l  l e v e l  a r e  considered,  and decis ions  a r e  taken 
t h a t  seek t o  accomodate a l l  i n t e r e s t s .  
The management system f o r  t h e  BITPC was another sub jec t  of 
d iscuss ion.  It was pointed out  t h a t  t h e  problems of t h e  develop- 
ment of t h e  BITPC a r e  the  r e s p o n s i b i l i t y  of the  Board of Directors  
of t h e  Complex, headed by t h e  Directors  of Bra t skgess t ro i ,  i n  
conjunction with t h e  managers of t h e  l o c a l  e n t e r p r i s e s .  
There i s  no o v e r a l l  management organizat ion responsible  f o r  
a l l  TPCs i n  t h e  Soviet  Union, although t h e  economic system sup- 
p o r t s  t h e  p o s s i b i l i t y  of such a  development. The 25th Congress 
of t h e  Communist Par ty  of t h e  Soviet  Union recommended t h a t  t h i s  
problem be s tudied i n  d e t a i l .  
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INTRODUCTION 
The Directives of the 24th Congress of the Soviet Communist 
Party set the task of a further improvement of the distribution 
of productive forces, a comprehensive development and special- 
ization of the economy of the Soviet Republics and economic re- 
gions, and a properly balanced combination of territorial plan- 
ning with the branch principle of national economic management. 
Great importance is attached to the comprehensive territorial 
planning for managing the various administrative subdivisions, 
including territorial production complexes (TPCs). 
In the first years of Soviet power, planners were faced 
with the problem of coordinating all branches of the national 
economy with respect to a particular territory. The need for 
such an approach was emphasized by V.I. Lenin who pointed to 
the significance of "the model organization of a 'complex' even 
if on a small scale. I say complex, meaning not just one farm, 
one branch of industry, or one factory, but a totality of eco- 
nomic relations, a totality of economic exchange, even if only 
in a small locality" [I ] . 
The concept of the TPC was outlined in 1920 in the national 
electrification plan Goelro, elaborated by the State Commission 
for the Electrification of the USSR and also in the proceedings 
of the State Planning Committee on economic zoning (1921-1923). 
These documents provided methodological guidelines for the Soviet 
economic zoning policy aimed at outlining and substantiating ter- 
ritorial production complexes of different rank. 
N.N. Kolosovsky, I.G. Alexandrov, and other Soviet scien- 
tists attached paramount importance to the formation of TPCs 
over the vast territory of the country. They believed that such 
complexes would provide for the optimal use of natural resources 
in their most advantageous combinations, ensure coordination of 
production processes and the rational division of labor, offer 
flexibility in the use of raw materials, energy, means of trans- 
port, and manpower, and allow for the establishment of the social 
and industrial infrastructure. 
The early five-year plans included detailed territorial sec- 
tions that contained indices for economic regions. Most of the 
territorial reports contained sections on economic complexes. 
A t  this time, the basis for the territorial division of labor was 
laid down, and the specialized Urals-Kuznetsk and Dnieper TPCs 
were taking shape; in addition, the structure was worked out for 
future complexes such as the Angara complex which is a primary 
link in the Irkutsk-Cheremkhovo TPCs. 
The Directives of the 24th Congress of the CPSU and the 
Five-Year Economic Development Plan of the USSR for 1971-1975 
[21 have stressed the advisability of the rapid economic devel- 
opment of a number of TPCs including the Kuzbas, the Krasnoyarsk- 
Achinsk, the Sayansk, and the Bratsk-Ilimsk. Comprehensive plans 
are being worked out for developing and distributing the produc- 
tive forces of not only the Union republics and economic areas, 
but also the individual territories, regions, autonomous repub- 
lics, and TPCs. These plans provide for direct outlays for in- 
dustrial construction and development of general engineering 
communications, and contain estimates of possible savings from 
group distribution of production sectors. This is not sufficient, 
however, for an overall assessment of the efficiency of the devel- 
opment of the enterprises. Solutions have to be found to prob- 
lems of optimal dimensions of the nonproductive sphere which is 
needed for the normal operation of the TPC. Account should also 
be taken of the cost of constructing transport systems and of 
the rapid growth of agricultural production needed to meet the 
population's demand for foodstuffs. 
Republic and local planning bodies play an increasingly im- 
portant role in setting up TPCs. A network of territorial de- 
sign organizations has been set up for regional design work in 
connection with the development of TPCs. 
Principles have been worked out in the USSR for planning 
industrial centers. Formation principles have been determined; 
rules have been established for planning and financing the con- 
struction of central projects; norms and recommendations exist 
for drawing up schemes of master plans for increasing the effi- 
ciency of capital investments in industrial construction, for 
solving city planning problems, such as building new towns and 
for reconstructing established urban communities. 
The current level of development of the productive forces 
is characterized by a number of features including the increasing 
role of Siberia and the Far Eastern part of the country in the 
national economy. TPCs of different sizes and structures should 
become the main form of spatial organization of production in 
this vast area. Selective use of resources in the country's 
eastern areas, among them East Siberia, has proved effective, 
and there are grounds for supposing that this form of spatial 
organization will continue to exist for a long time. 
The territorial organization of production in East Siberia 
in the form of TPCs is an advanced form of spatial organization 
of the national economy, ensuring an increase in labor produc- 
tivity and a saving of up to 10 to 20 percent of the total con- 
struction costs for individual regions (in northern and 
mountainous areas up to 5 percent). Group planning for construc- 
tion also leads to reduced operating expenses, lower manpower 
requirements and more built-up areas, and protects valuable farm 
land. For example, the organization of only a few industrial 
centers, i.e., Irkutsk, Ziminsk, Chunsk, the northern stretch 
of Ust-Ilimsk, resulted in savings of about 74 million roubles 
for construction cost and 12 million roubles for operating ex- 
penses. 
Creating TPCs in new developing areas involves considerable 
investments of capital and time. In the long run, these complexes 
should be economic, thus justifying their existence. Specialized 
major TPCs have ample funds and energy resources, which account 
for their high labor productivity and the low cost of their pro- 
ducts. 
Organization of TPCs in East Siberia is greatly influenced 
by specific Siberian factors, e.g., vast territory, uneven eco- 
nomic development, sparse population, and great diversity of 
natural conditions and resources. 
CHARACTERISTICS OF EAST SIBERIA 
East Siberia accounts for 43 percent of the aggregate energy 
potential of the USSR. Geological reserves of coals reach 
4 x 10' tons i.e., 45 percent of the country ' s total resources. 
Particularly important is the Kansk-Achinsk brown coal basin 
where coal mining is more economical than in the Kuznetsk coal 
basin. Unit capital investments per ton of comparative fuel 
and the cost of mining a ton of coal in the Kansk-Achinsk basin 
are 25 to 33 percent less than in Kuzbas. The prospected coal 
reserves of the Kansk-Achinsk will permit an annual output of 
coal of up to 1 x lo9 tons a year. The Minusinsk, Irkutsk, 
Zabaikalsky, and other coal fields in East Siberia will be able 
to meet the bulk of the region's demand for industrial fuel. 
Economically efficient hydropower resources of the Angara- 
Yenisei basin exceed 50 million kW, which is equivalent to a 
potential annual electricity output of 250 to 290 x lo9 kwh. 
Moreover, as compared to the Volga-Kama cascade, the average 
unit outlay for the Region's power stations cascade, is twice 
as much, and the cost price of one kWh is 25 percent less. 
The concept of East Siberia's oil and gas resources is 
changing. The Angara-Yenisei Region is now regarded as a new 
oil- and gas-bearing province in the USSR. Commercial oil and 
gas deposits will be found and developed here. 
Large reserves of nonferrous, rare, and precious metals 
have been discovered in East Siberia such as deposits of readily 
dressed magnetite iron ores in the Angara-Ilimsk, the Mid- and 
the Lower-Angara, and Sayany areas; it is expected that the 
development of these resources will meet the demands of a metal- 
lurgical plant being constructed in Taishet. 
East Siberia possesses large resources of fluor spar, graph- 
ite, talc, mica, asbestos, magnesite, and practically unlimited 
resources of rock salt and raw materials for the construction 
industry. 
The Region's forest stock exceeds 27 x 10' m3, i.e- , 37 per- 
cent of the total national forest resources, the bulk of the 
forest stock being accounted for by mature and overmature coni- 
ferous species. The exploitation of forest resources in East 
Siberia's most promising timber industry zone involves less ex- 
penditure than in other regions of the country. 
The development of natural resources in many areas of East 
Siberia appears to be economically feasible in spite of the cost- 
increasing effect of the severe natural-climatic conditions, rug- 
ged terrain, and high seismicity of the territory. This is borne 
out by the estimates of design organizations, and also by good 
economic indicators of numerous operating enterprises. 
The large-scale development of the natural resources in 
East Siberia opens up tremendous prospects for economic progress. 
Construction of major power engineering enterprises within TPCS, 
the expansion of nonferrous and ferrous metal ore mining and of 
the mining of other mineral resources, and the intensive devel- 
opment of forest resources will form a powerful basis for expand- 
ing the Region's productive forces and also strengthen the entire 
country's raw material base. 
For new economic development, ways should be sought to re- 
duce outlays for capital construction, and to ensure maximum ef- 
ficiency in the operation of manufacturing enterprises and in 
the nonproductive sphere by improving the territorial organiza- 
tion of production, in accord with departmental principles of 
economic management. The increase in the efficiency of national 
production will be closely linked to the formation of TPCs, such 
as the BITPC. 
BACKGROUND AND CHARACTERISTICS OF THE BITPC 
The formation of the BITPC began in 1954 with the setting 
up of Bratskgesstroi. This organization has played a major role 
in the construction of numerous enterprises in the Mid-Angara 
zone, mostly in the Bratsk administrative district. Work car- 
ried out there involved building motor roads, power transmission 
and communication lines and laying a foundation for the construc- 
tion of cofferdams for the right Sank excavation of the Bratsk 
hydropower station (HPS) . 
In addition to the construction of the HPS, the Bratsk- 
gesstroi built enterprises for a timber industry complex, the 
Korshunovo mining and ore-dressing mill, an aluminium works, and 
other projects ordered by a number of ministries and departments; 
it also executed forest removing operations at the bed of the 
future storage lake. 
Thus the creation of the BITPC provided for a centralized 
management body that assumed additional financial responsibility 
in the pioneering stage of the development of the complex. 
Currently, there is a new management body, the Board of 
Directors, that is vested with wide powers and functions in the 
territory of the BITPC. This body discusses and solves problems 
related to the development of the productive forces at the corn- 
plex on the basis of proportional participation of the ministries 
and departments concerned. 
The Board of Directors supervises the construction of enter- 
prises of the social infrastructure over the territory comprising 
the Bratsk, the Ust-Ilimsk, and the Nizhneilirnsk administrative 
districts. The Board of Directors establishes contacts with re- 
public and local planning organizations, as well as with economic, 
Soviet, and Party organizations. In cooperation with republic 
and local planning bodies, it works out annual, five-year, and 
long-term plans for developing the productive forces. This en- 
sures a more rational location of industrial enterprises with a 
view to a more effective use of natural and human resources, and 
a comprehensive development of the economy with regard to the 
advanced organization principles for industry, construction, and 
agriculture. 
The BITPC has two industrial centers, Bratsk and Ust-Ilimsk 
and a mining industry center, Zheleznogorsk. There are four 
towns (Bratsk, Ust-Ilimsk, Vikhorevka, and Zheleznogorsk-Ilimsk) 
and seven urban communities, with a total population of 400,000. 
In 1972, the BITPC produced over 24 x lo9 kwh of electricity, 
3.6 million kcal of thermal energy, over 5 million tons of iron- 
ore concentrate, and 168 thousand tons of commercial cellulose 
[ 3 1 .  
Operating within the BITPC are major industrial projects, 
such as the Bratsk HPS (4.5 million kW) , the Korshunovo mining 
and ore-dressing combine, the Bratsk timber industry complex, a 
construction equipment plant, and a large aluminium works; the 
first power generating units of the Ust-Ilimsk HPS are being 
completed, and work has begun on constructing tne Ust-Ilimsk 
timber industry complex. 
The new lands reclaimed to account for the loss of lands 
flooded by the Bratsk storage lake are now the site of agricul- 
tural production developments. 
The complex's enterprises now in operation or under con- 
struction are characterized by high economic efficiency: the 
Bratsk HPS generates the country's cheapest electricity (0.035 
kopeks/kWh); the costs of the iron-ore concentrate, aluminium, 
and timber industry products are below the national average. 
The main reasons for developing the BITPC are cheap hydro- 
electric power of the Bratsk and Ust-Ilimsk HPSs, high concen- 
tration of commercial deposits of iron-ore with a high iron con- 
tent, ample reserves of raw materials, and large land and water 
resources. 
The territory of the BITPC is characterized by dense affores- 
9 2 tation; the total timber reserves are 1.4 x 10 m . The excel- 
lent technical and economic characteristics of the forest tracts 
result in a relatively low cost of lumbering and high quality 
timber. 
The accelerated development of the productive forces of the 
BITPC is facilitated by the availability of a powerful construc- 
tion industry. The intensive economic development of the complex 
is linked to the operation of the western section of the Baikal- 
Amur Railway (~aishet-~ratsk-Ust-Kut) , a large part of which 
runs across the territory of the complex. The construction of 
the Railway's central and eastern sections make it possible to 
locate at the complex enterprises of the processing industry. 
The current sectorial structure of industry is characterized 
by a relatively high share of specialized branches which account 
for about 93 percent of the gross industrial output and about 
98 percent of the industrial-production assets. 
In the future, aluminium production will be expanded within 
the BITPC, and an oil pipeline is expected to be laid toward 
the head stretch of the Baikal-Amur Railway (from the Sibirsky 
oil main). The favorable conditions for prospecting gas and oil 
deposits, and the availability of vast rock salt resources (in 
the Angara-Lena salt-bearing district) will enable the develop- 
ment of chemical and petrochemical industries in thismRegion, 
thus providing oil products, fuels, and lubricants for the north- 
ern areas. 
Because of the positive electric power engineering factor, 
it is possible to consider building enterprises for processing 
the copper ores of Udokan. 
Agricultural production at the BITPC has not yet reached a 
sufficiently high development level. 
To meet the demands of the TPCs population for fresh food- 
stuffs, it is advisable to set up a broader network of hotbed 
and greenhouse farming facilities, as well as modern cattle- 
breeding complexes. 
Within the BITPC it is possible to organize large-scale 
production of vegetables and potatoes, using hot waters from 
thermal power stations and cheap electricity for heating glass- 
covered ground. Owing to the high hydroelectric power capacities 
available at the complex, there is also a possibility of heating 
some of the open ground planted with potatoes and other vegetables. 
The transport development level of the BITPC, (for Siberia's 
conditions) is high. Running across the complex's territory are 
the Taishet-Lena and Khrebtovaya-Ust-Ilimsk Railways; a network 
of motor roads has been built to link the agricultural enterprises 
and forestry farms with the district centers - the town of Bratsk, 
Ust-Ilimsk, etc. Air transport is becoming important as are wa- 
ter transport on the Angara and on the water reservoirs of the 
Bratsk and the Ust-Ilimsk. 
Republic and local planning and management bodies play a 
major role in the construction of housing and public utility 
facilities and in other activities aimed at raising the living 
standards. 
The city of Bratsk is a good example of the major social- 
economic transformations taking place in the northern zone of 
the USSR. Bratsk is one of the major industrial centers of 
Siberia with a high scientific-technical level of production, 
and highly skilled manpower. It is becoming a well-organized 
center of culture. There is a branch of the Irkutsk Polytechni- 
cal Institute, a network of secondary technical schools, special 
schools (pre-school education, medicine, music), as well as urban 
and rural vocational-technical schools. Over 25,000 children 
study at general education schools. A network of pre-school 
childcare institutions has been set up for about 12,000 children, 
a hospital complex with over 1500 beds, a cinema, clubs, museums, 
libraries, sports arenas, and a television center have been built 
in Bratsk. A recreation zone has been built on the shores of the 
Bratsk sea for workers at the complex. 
The further economic development of the complex is influenced 
by the following factors: 
- The availability of a high-capacity power-engineering 
base that favors locating the major energy-consuming 
branches of the nonferrous metallurgical and chemical 
industries, and the total satisfaction of the electric- 
ity requirements of the industrial, construction, trans- 
port, agricultural, and public utility enterprises. 
The total electricity consumption by the entire economy 
of the complex in the tenth Five-Year Plan period will 
amount to 21-22 x lo9 kwh. 
- The creation of specialized capacities for processing 
wood resources through the use of lumber, woodworking, 
and wood-chemistry wastes. 
- The development of branches that provide jobs for 
second and third family members (e.g., certain me- 
chanical engineering and food industry branches 
that turn out nontransportable products). 
- The accelerated development of highly effective de- 
posits of iron ore and moulding sands. 
- The expansion of geologic prospecting and explora- 
tion work to reveal commercial deposits of oil, gas, 
coal, chemical raw materials, etc. 
- The further development of agriculture to a level 
that meets the requirements of the growing popula- 
tion for basic foodstuffs. 
- The raising of the living standard of the local 
population to attract manpower from other areas of 
the country. 
The economic development of the BITPC will be accompanied 
by the further improvement of its management organization and 
planning methods, the enhancement of economic incentives, and 
the creation of favorable conditions for a more rational use 
of capital investments, human and material resources. 
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Prospective Links Between the BITPC and the Regions 
Of the Northern Part of East Siberia 
G.L. Tarasov 
Under socialism the operation of the economic law of bal- 
anced development creates conditions for a purposeful geograph- 
ical distribution and rational territorial organization of the 
economy to serve the interests of society. One important task 
of economic development in the USSR is to involve in the economic 
turnover the natural resources of the poorly developed regions, 
including those in the northern part of Siberia and the Far East. 
These regions are rich in natural resources, in particular, in 
various kinds of mineral raw materials, timber, water power and 
water resources. Use of the rich natural resources of the north- 
ern regions will help to provide the national economy with major 
raw materials and energy. 
Bringing the natural resources into the economic turnover 
and a related intensive development of the economy of the north- 
ern territories will involve considerable investments of time 
and money. Solutions to the problems of developing these re- 
sources and of economically developing these regions must take 
into account the economy's demand for resources and the actual 
feasibility of specific programs for developing new areas. 
One such stage entered upon in the 1950s was the development 
of the natural resources of the Bratsk-Ilimsk district in the 
Irkutsk Region and the formation of the Bratsk-Ilimsk Territorial 
Production Complex (BITPC). The historical development of the 
BITPC has been discussed in detail elsewhere in this volume.* 
While much work remains before the BITPC is completely developed, 
it appears worthwhile to use the existing facilities to help 
carry out development programs for the neighboring northern re- 
gions of East Siberia. 
DEVELOPMENT OF THE NORTHERN REGIONS OF EAST SIBERIA 
The initial stage in the development of these northern re- 
gions includes setting up powerful industrial bases in the Kras- 
noyarsk-Angara area and along the Baikal-Amur Railway (BAR). To 
establish the Lower-Angara complex in the Krasnoyarsk-Angara area, 
it is advisable to bring the area's plentiful water power, timber 
*See N.A. Soloviev and K.Ya. Donchenko, The R o l e  o f  R e p u b l i c  and 
Loca l  P l a n n i n g  and Management B o d i e s  i n  t h e  Development  o f  t h e  
BITPC. 
and mineral resources into the economic turnover. The water 
power resources can be utilized by building two powerful hydro- 
power stations (HPSs): the Boguchany station and the Middle- 
Yenisei station--with a combined annual output of about 
50 x l o 9  kwh. The first order of priority is the Boguchany 
project, and work is expected to begin on a large scale in the 
near future. A prerequisite for constructing the Middle-Yenisei 
station is the working out of a technical scheme that takes 
account of the need to exploit the Gorevsk lead and zinc deposits. 
The vast timber and mineral resources of the Krasnoyarsk- 
Angara area make it one of the richest regions of East Siberia. 
The development of these natural resources will result in the 
establishment of a large territorial-industrial complex with 
industries concentrated in two industrial zones: the Boguchany 
zone in the East, and the Lesosibirsk zone in the West. The 
economy of the Boguchany zone will be built around the production 
of hydroelectric power (another powerful HPS is envisaged on the 
Angara-Yenisei River), and of timber and wood-processing indus- 
tries. In addition, a concentrating mill for processing the ore 
of the Tagarsk iron-ore deposit may be built. 
In the Lesosibirsk zone, saw timber production is well de- 
veloped, and future plans include supplementing it with the 
chemical processing of wood for optimal utilization. The spe- 
cialization of this zone may also depend on such branches of 
industry as hydroelectric power generation (the Middle-Yenisei 
station) and mining (lead and zinc ore and iron ore). 
As the Lower-Angara complex takes form and the industrial 
and nonindustrial infrastructure is developed there, conditions 
will arise for setting up power-consuming industries. 
There is a plan for constructing the BAR and for developing 
the productive forces in the areas spanned by the railway. The 
program is comparable in size and importance to the large-scale 
programs for, developing the oil and gas reserves in the West 
Siberian Lowland and for establishing a powerful energy-producing 
complex and energy-consuming industries in the Angara-Yenisei 
Region. The BAR is economically important because it will pro- 
vide transport needed for developing the vast areas immediately 
adjoining the railway and those of Siberia and the Far East. 
Extending the transportation links in the latitudinal di- 
rection will create more favorable conditions for the territorial 
division of labor, and will help to establish highly efficient 
industries in the areas under discussion. Besides, the construc- 
tion of the BAR and the development of the economy in the areas 
through which it passes will give added impetus to the economic 
expansion of the southern parts of Siberia and the Far East. 
Several criteria are needed--for example certain allied produc- 
tion facilities are needed for providing the BAR area with build- 
ing materials, foods, etc. 
The economic importance of the Railway is particularly great 
since it provides favorable conditions for developing the enormous 
natural potential of the vast northern territories of East Siberia 
.and the Far East. 
Although the development plans for the productive forces in 
the BAR area have not been detailed and substantiated, it is pos- 
sible to plan the development of a number of territorial-indus- 
trial complexes there, including the Upper-Lena, North-Buryat, 
Udokan, South-Yakut, Tynda, Urgal, and the Komsomolsk complexes. 
The closest links are most likely to be formed between the BITPC 
and those complexes in the BAR area which lie in its western part 
on the territory of East Siberia. In view of this it seems ap- 
propriate to give a brief description of the possible courses of 
their development. 
The Upper-Lena complex is being formed in the Irkutsk Region, 
in the basin of the upper reaches of the Lena and its tributary, 
the Kirenga. The complex is being developed to exploit large 
resources of high quality timber. The total reserves of timber 
. - 
amount to about 2 x 1 09m3 of predominantly valuable softwoods, 
including pine. It is expedient to build up a few timber com- 
plexes there that will include enterprises for deep mechanical 
and chemical processing of timber and the production of paper 
pulp. One such complex will probably be located alongside the 
BAR, near the village of Kazachinsky. 
Moreover, the territory of the Upper-Lena complex appears 
to be rich in oil and gas. So far a few small oil and gas fields 
have been found there, but there is evidence that oil and gas 
will be discovered in commercial quantities in which instance 
oil and gas extraction will also become a basic industry of this 
region. Also, commercial reserves of common salt deposits may 
be found within the territory of the Upper-Lena complex. Thus 
conditions are present for the future development of a chemical 
industry for producing chloro-containing compounds, for example. 
While developing the leading industries that form the core 
of the complex, it is necessary also to develop the allied 
branches of economy in the right directions and on an appropriate 
scale, especially in view of prospective economic links with 
other parts of East Siberia, including the BITPC. 
The dominant industry of the Flamo-Bodaibo complex, located 
in the northeastern part of the Irkutsk region, is mining of 
gold and mica. The complex lags behind other areas in developing 
the infrastructure and in solving social and economic problems, 
largely owing to transportation difficulties. Communication 
with other regions is maintained either by seasonal river trans- 
port or by air. As answers are found to the problems of trans- 
portation the economic performance of the enterprises of the 
complex will improve. 
Conditions for developing the productive forces in the 
northern part of the Buryat Autonomous Soviet Socialist Republic 
are good owing mostly to the availability of valuable mineral re- 
sources. The better explored resources include the Molodezhny 
deposit of chrysotile asbestos, and the Kholodninsk deposit of 
lead and zinc. Besides, evidence of deposits of many other min- 
erals have been found, including nickel, aluminium ore, and 
manganese. 
Furthermore, the northern part of the Buryat Republic is 
rich in timber, water power and water resources. The favorable 
conditions in the mountain valleys, particularly in the Muya 
Valley, make it possible to develop agriculture which will ex- 
pand the local production of food. These natural resources will 
provide the basis for two industrial zones: the North Baikal 
zone and the Muya zone. Their development may be considered 
within the framework of a single North-Buryat territorial and 
industrial complex; nevertheless it should be remembered that 
the North Baikal zone has its own special regional conditions 
as it is situated within the conservation area of Lake Baikal. 
For this reason construction of enterprises severely affecting 
the environment must be restricted, and those that are created 
must comply strictly with environmental protection regulations. 
The building up of the North Baikal zone will result from 
the development of the mining industry, the construction of 
enterprises needed for the operation of the BAR, and the use of 
the specific natural conditions to provide vacation facilities, 
the latter being best suited to meeting the requirements of a 
conservation area. 
The development of the Muya industrial zone is based on the 
exploitation of mineral resources, particularly the Molodezhny 
deposit of chrysotile asbestos, and the water power resources of 
the Vitim River on which the Mokskaya hydroelectric station, with 
an output of 1.5 million kW, may be built near the BAR route. 
Besides, the adjoining regions have great reserves of timber 
thus allowing for the development of a large timber complex that 
will include enterprises for deep mechanical and chemical pro- 
cessing of wood. 
The construction of the Mokskaya hydropower station (HPS) 
will not only ensure power supply to the northern parts of the 
Transbaikal Region but will also solve problems connected with 
land improvement in the Muya valley. This will create more 
favorable conditions for setting up food producing enterprises 
specializing in produce that is difficult to transport, e.g. fresh 
meat and dairy products, vegetables, and potatoes. 
Plans for the development of the northern part of the Chita 
Region include the establishment of the Udokan complex to make 
use of a large copper deposit. Other minerals are expected to 
be found there, so the tendency of that complex to specialize in 
mining may grow stronger. In view of the adverse natural 
conditions of the region (a severe climate, high seismic activity, 
permanently frozen ground), metallurgical works for processing 
Udokan ores should be built farther south. Some of the service 
industries may also have to be located farther south for the same 
reasons. 
Relationship of the BITPC to the Development of Other Complexes 
The basic trends in the development of the productive forces 
in the near north of East Siberia determine the prospective re- 
lations of the BITPC and the complexes that will eventually ap- 
pear in this section of East Siberia. 
To adequately discuss these, it is necessary first to examine 
the experience gained in the process of building up the BITPC; 
this will help us to more efficiently form new territorial-indus- 
trial complexes and to avoid past mistakes. 
Economic links between the BITPC and other regions of the 
near north will be developed. At the initial stage mostly one- 
way links will prevail in the form of assistance rendered by the 
BITPC in solving the problems of developing the productive forces 
in those regions. 
Assistance in the following areas is considered: in carrying 
out construction work; in ensuring power supply; in furnishing 
other supplies; in carrying out research and design work; and 
in the training of personnel. 
In the process of establishing the BITPC, a large-scale 
building industry was developed. It comprises not only construc- 
tion units, but also enterprises manufacturing various kinds of 
building materials, e.g., large enterprises turning out reinforced 
concrete materials, ready-mix concrete, and plumbing and electri- 
cal fittings. The possibility therefore arises to directly use 
the capacities of this building industry to carry out construc- 
tion in other regions. This can be done in principle by trans- 
ferring some of the capacities and by supplying various building 
structures and materials. 
However, these possibilities are in some measure limited, 
mainly because of the need to carry out much work within the 
BITPC itself, especially at the initial stage when a number of 
major projects will be under construction. Therefore, a study 
is needed to determine the scope and the areas of such assistance. 
Considering the geographic proximity of the Boguchany and 
the Ust-Ilimsk zones and the kindred nature of their economies, 
it seems expedient to use the capacities of the building enter- 
prises of the Bratskgesstroi to carry out construction work in 
the Boguchany zone. This is particularly true of the specialized 
capacities designed for building HPSs. As the Ust-Ilimsk HPS is 
nearing completion, these capacities can be transferred to the 
Boguchany HPS. I t  is  l i k e l y  t h a t  t h e  c a p a c i t i e s  of  t h e  Bra t sk-  
I l i m s k  b u i l d i n g  i n d u s t r y  may e v e n t u a l l y  be  used t o  c o n s t r u c t  some 
o t h e r  p r o j e c t s  on t h e  t e r r i t o r y  of  t h e  Lower-Angara complex ( e . g . ,  
t h e  t imber  and mining i n d u s t r i e s ) .  However, t h e  c o n s t r u c t i o n  
work on similar e n t e r p r i s e s  w i l l  g e t  under  way a t  t h e  same t i m e  
i n  some o t h e r  r e g i o n s  o f  t h e  n e a r  n o r t h  o f  E a s t  S i b e r i a ,  i n  pa r -  
t i c u l a r  i n  t h e  wes t e rn  p a r t  of  t h e  BAR a r e a .  D e f i n i t e  cons t ruc -  
t i o n  s chedu l e s ,  t y p e s  o f  e n t e r p r i s e s ,  and o t h e r  f a c t o r s  w i l l  have 
t o  be t a k e n  i n t o  account  i n  o r d e r  t o  de t e rmine  t h e  k ind  o f  a s s i s -  
t a n c e  t h a t  w i l l  prove  most e f f e c t i v e .  I t  a p p e a r s  t h a t  f r e e  capac-  
i t i e s  should  be used f i r s t  t o  r e n d e r  a s s i s t a n c e  i n  t h e  cons t ruc -  
t i o n  o f  p r o j e c t s  on  t h e  t e r r i t o r y  o f  t h e  Upper-Lena complex. 
B ra t sk  i s  one o f  t h e  most s u i t a b l e  sites f o r  s e t t i n g  up 
f a c i l i t i e s  f o r  manufac tur ing  s p e c i a l  b u i l d i n g  s t r u c t u r e s  used i n  
t h e  c o n s t r u c t i o n  i n  t h e  North.  When c o n s i d e r i n g  t h i s  q u e s t i o n ,  
t h e  needs  o f  t h e  BAR a r e a  w i l l  a l s o  have t o  be t aken  i n t o  cons id-  
e r a t i o n .  
I t  is  exped i en t  t h a t  t h e  BITPC should  supp ly  electric power 
t o  some p a r t s  o f  t h e  nea r  n o r t h .  I n  p a r t i c u l a r ,  it i s  from t h e r e  
t h a t  electric power should  be  s u p p l i e d  t o  t h e  wes t e rn  p a r t  o f  t h e  
BAR a r e a  a t  t h e  i n i t i a l  s t a g e  o f  i t s  economic development.  Fo r  
t h i s  purpose  a  power t r a n s m i s s i o n  l i n e  w i l l  have t o  be b u i l t  a l ong  
t h e  BAR, w i t h  new i n d u s t r i a l  c e n t e r s  connec ted  t o  i t .  However, 
t h e  problems of  supp ly ing  power t o  t h e  BAR a r e a ,  i n c l u d i n g  i ts 
wes t e rn  p a r t ,  w i l l  r e q u i r e  a s p e c i a l  s o l u t i o n  a t  a  la ter  s t a g e .  
T h i s  i s  because  o f  t h e  g r e a t  i n c r e a s e  i n  power l o a d s ,  e s p e c i a l l y  
i n  t h e  n o r t h e r n  p a r t  o f  t h e  T ransba ika l  Region, t h a t  w i l l  r e s u l t  
from t h e  e s t a b l i s h m e n t  of  l a r g e  mining e n t e r p r i s e s  t h e r e .  The 
l o a d s  w i l l  i n c r e a s e  s t i l l  f u r t h e r  i n  t h e  f u t u r e  i f  t h e  r a i l w a y  
i s  e l e c t r i f i e d .  Thus c o n s i d e r a t i o n  should  be  g iven  t o  t h e  prob- 
l e m  o f  p r o v i d i n g  t h e  n o r t h e r n  p a r t  o f  t h e  T r a n s b a i k a l  Region w i t h  
i t s  own l a r g e  sou rce  o f  electric power; t h e  Mokskaya HPS may 
e v e n t u a l l y  be  t h i s  sou rce .  
Apa r t  from t h i s ,  even i f  t h e r e  i s  a  power t r a n s m i s s i o n  l i n e  
from t h e  BITPC, t he rma l  power s t a t i o n s  w i l l  have  t o  be  b u i l t  i n  
t h e  i n d u s t r i a l  c e n t e r s  of  t h e  wes t e rn  p a r t  of t h e  BAR area i n  
view of  t h e  p r o s p e c t i v e  t he rma l  l oads .  
I n  a d d i t i o n  t o  b u i l d i n g  m a t e r i a l s  and e l e c t r i c  power, t h e  
BITPC can  p rov ide  t h e  o t h e r  r e g i o n s  o f  t h e  n e a r  n o r t h  w i t h  o t h e r  
s u p p l i e s ,  a l t hough  t h e  range  i s  r e l a t i v e l y  s m a l l  because  of  t h e  
narrow economic s t r u c t u r e  o f  t h e  complex. I n  p a r t i c u l a r ,  t h e  
e s t a b l i s h m e n t  w i t h i n  t h e  complex o f  a  machine b u i l d i n g  and meta l -  
working i n d u s t r y  w i l l  h e l p  p r o v i d e  t h o s e  r e g i o n s  w i t h  c e r t a i n  
t y p e s  of  machines  and equipment.  C u r r e n t l y  we c a n  be  c e r t a i n  of 
o n l y  t h e  a v a i l a b i l i t y  of  f u t u r e  s u p p l i e s  o f  h e a t i n g  equipment ,  
which w i l l  be  manufactured a t  a  f a c t o r y  now be ing  b u i l t  i n  B r a t s k  
The s p e c i a l i z a t i o n s  of  t h e  f a c t o r y  should  c o n s i d e r  t h e  r e q u i r e -  
ments of  t h e  BAR a r e a .  
As yet no plans have been drawn up as to the trends, scale, 
and target dates of the development of machine building in the 
BITPC. Economic conditions for its development there are not 
as good as for the regions lying farther south. However, if 
machine-building enterprises are located there, their speciali- 
zation must take account of the needs of the near north regions. 
Specifically, Bratsk has certain conditions for setting up the 
manufacture of machines and equipment for the timber industry, 
for which there will be a great demand owing to the establish- 
ment of territorial-industrial complexes in the Krasnoyarsk- 
Angara Region and in the BAR area. 
The repair facilities of the BITPC appear to be sufficient 
for meeting some of the needs of the near north regions under 
development, e.g., repairs of certain types of construction and 
timber machinery, motor cars and lorries, and, possibly, mining 
equipment. 
We can also count on some surplus goods produced by other 
branches of the economy of the BITPC, but the quantities involved 
are as a rule small, since most of these branches play only an 
auxiliary role and are developed mainly to satisfy local needs. 
(This applies in particular to agriculture, light industries and 
the food industry.) Yet in some cases it may prove feasible to 
furnish certain types of goods manufactured by those branches 
to other regions. 
The rapid development of the BITPC, and the creation of a 
sufficiently powerful and adequate infrastructure there will 
provide more favorable conditions for training skilled personnel 
and for carrying out research and design work required for the 
development of the productive forces of the near north. Bratsk 
has some facilities for training, including a number of vocation- 
al and specialized schools and a branch of the Irkutsk Polytech- 
nical College which trains specialists in road transport, civil 
engineering, and energetics. Graduates from Bratsk educational 
institutions find it easier to adjust to living and working con- 
ditions in the northern regions. This is particularly important 
with respect to training personnel who will be assigned to work in 
areas that are being developed. At the same time, the process 
of strengthening Bratsk's scientific potential and transforming 
it into a large city improves conditions for achieving a high 
level of general and vocational training. It is natural to ex- 
pect that priority should go to the training of specialists in a 
number of fields such as civil engineering, road facilities and, 
possibly, mining and timber industries. 
The further development of the BITPC will lead to greater 
possibilities for research and design work, which are currently 
insignificant. Decisions made about problems relating to the 
development of the scientific and technical potential should 
take into consideration the corresponding requirements of other 
regions of the near north. 
Once reserves of gas and oil are found on the territory of 
the Upper-Lena complex, it will be necessary to study ways of 
using them in the BITPC. One possibility is to use the gas 
as a highly efficient fuel for utilities and for technological 
purposes. Considering the need to protect the ecology of the 
cities, this might prove preferable to the use of coal supplied 
by other regions. Another possibility, which should be studied, 
is the development of a chemical industry on the basis of the 
Upper-Lena hydrocarbon raw materials. This plan must be con- 
sidered along with other possible ways of locating chemical 
enterprises, including the possibility of building such enter- 
prises on the territory of the Upper-Lena complex. The problem 
of the structure of the chemical complex must also be settled, 
and account must be taken of possible commercial reserves of 
common salt and the growing demand for chloro-containing com- 
pounds in the neighboring regions. Electrochemistry therefore 
appears to be the most promising branch of the chemical industry 
The territory of the BITPC may also be used for processing 
other kinds of minerals that might be extracted from the BAR 
area. Specifically, a copper-smelting plant could be located 
there that would make use of Udokan copper concentrates. Build- 
ing such a plant in the immediate vicinity of the Udokan deposit 
is difficult because of the adverse natural and economic condi- 
tions. The idea for building a copper-smelting plant at the 
BITPC has certain advantages: the complex has a powerful build- 
ing industry, which means that construction work can be done with- 
in a short period of time; there is ample power supply and a 
developed infrastructure; the distance which the raw materials 
would have to be transported (about 1500 km) is shorter than that 
connected with most other possible sites for this plant. However, 
this matter cannot be regarded as settled; a comparative study 
of all possible locations for this plant is needed, including 
its possible location in the southern part of the Chita Region. 
There are other minerals, including asbestos, coking coal 
and aluminium, that can be supplied to the BITPC from the BAR 
area. 
The construction of the BAR will improve the foreign trade 
prospects of the BITPC by facilitating the transportation of 
freight to the Pacific ports of the Soviet Union. On the one 
hand, the BAR will make it easier for the complex to export its 
products. On the other hand, the complex will have better op- 
portunities for obtaining certain products in which it is inter- 
ested. It may prove expedient to set up an alumina plant in the 
Far East near the ports. In that case the alumina can be trans- 
ported to the Bratsk aluminium plant by the BAR. In principle, 
the alternative possibility of finding a site for an alumina 
plant on the territory of East Siberia cannot be ruled out, since 
costs for transporting high-grade bauxites cannot negatively ef- 
fect the economics of alumina production. 
The construction of the BAR makes it necessary to expand 
the transport network within the BITPC. Initially, attention 
will have to be focused on increasing the capacity of the 
Taishet-Bratsk-Ust-Kut Railway line which has already heavy 
traffic. In the future, traffic will increase considerably, 
even without the BAR, as more timber and iron-ore resources are 
involved in the economic turnover of the BITPC. But the most 
substantial increase in goods traffic will result from the con- 
struction of the BAR; thus measures are needed for increasing 
the traffic capacity along the length of the Railway. 
Eventually it may prove desirable to build sections of the 
North-Siberian Railway on the territory of the BITPC. The 
Khrebtovaya-Ust-Ilimsk Railway line is already in operation; 
with its extension westward in the direction of the Boguchany 
HPS and further along the Angara toward Lesosibirsk and into 
Western Siberia, a new through Transsiberian Railway line will 
come into being that will considerably improve transport links 
in the latitudinal direction. 
The provision of recreation facilities for the local popu- 
lation will also positively affect the transport links between 
the BITPC and the BAR area. 
We have considered the basic trends in prospective links 
between the BITPC and the regions of the near north of East 
Siberia. As the productive forces develop and the economic 
situation changes, new possibilities will appear for establish- 
ing links. Only careful investigations will make it possible 
to determine more precisely the specific nature of the links 
and to establish their quantitative characteristics. 

Analys is  of Regional  S t r a t e g y  S e t t i n q  
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DECISION ANALYTIC APPROACH 
Th i s  paper  exp lo re s  p o s s i b i l i t i e s  of  u s ing  d e c i s i o n  a n a l y s i s  
f o r  s tudy ing  t h e  p roces s  of s t r a t e g y  e l a b o r a t i o n  and s e l e c t i o n  
i n  i n t e g r a t e d  r e g i o n a l  development programs. S p e c i f i c a l l y ,  t h e  
paper  s eeks  t o  gene ra t e  f u r t h e r  q u e s t i o n s  about  t h e  BITPC s t r a -  
t e g i c  decisionmaking p roces s  from t h e  d e c i s i o n  a n a l y t i c  perspec-  
t i v e ;  and t o  g e n e r a t e  q u e s t i o n s  abou t  t h e  s t r e n g t h s  and weak- 
nes se s  of  t h e  d e c i s i o n  a n a l y t i c  approach i t s e l f .  
WHAT IS  DECISION ANALYSIS? 
Decis ion  a n a l y s i s  i s  a  formal  method f o r  improving d e c i s i o n -  
making i n  complex s i t u a t i o n s  c h a r a c t e r i z e d  by m u l t i p l e  o b j e c t i v e s ,  
u n c e r t a i n t y ,  t ime v a r i a b i l i t y ,  and group c o n f l i c t s  [1,2,3]. De- 
c i s i o n  a n a l y s i s  i s  a  r a t i o n a l  approach t o  s t r u c t u r i n g  t h e  d e c i s i o n  
problem, b u i l d i n g  a  mathematical  model of  t h e  dec is ion-maker ' s  
p r e f e r e n c e s ,  and numer ica l ly  e v a l u a t i n g  t h e  a v a i l a b l e  d e c i s i o n  
a l t e r n a t i v e s .  Decision a n a l y s i s  poses  f o u r  c l a s s e s  of  q u e s t i o n s  
t o  t h e  decision-maker and h i s  e x p e r t s .  What a r e  t h e  problems and 
o p p o r t u n i t i e s ?  What a r e  t h e  g o a l s  and o b j e c t i v e s ?  What a r e  t h e  
a l t e r n a t i v e  courses  o f  a c t i o n  and p o s s i b l e  e v e n t s  and consequences? 
What a r e  t h e  t r a d e o f f s  t h a t  c h a r a c t e r i z e  t h e  dec is ion-maker ' s  
p r i o r i t i e s  among o b j e c t i v e s ,  h i s  r i s k  a t t i t u d e s ,  h i s  time p r e f -  
e r e n c e s ,  e t c . ?  
The formal ized  answers t o  t h e  f i r s t  t h r e e  q u e s t i o n s  a r e  
g iven  i n  t h e  form of  q u a l i t a t i v e  t r e e s :  
- A problem (or opportunity) tree t h a t  e s t a b l i s h e s  t h e  
h i e r a r c h i c a l  l i n k s  among major problems,  subproblems, 
and s p e c i f i c  causes ;  
- A goat tree t h a t  shows t h e  r e l a t i o n s h i p s  among gen- 
e r a l  supe rgoa l s ,  subgoals ,  major o b j e c t i v e s ,  and 
lowes t  l e v e l  t a r g e t s  and i n d i c a t o r s ;  
- A decision tree t h a t  maps o u t  a l t e r n a t i v e  i n i t i a l  ac- 
t i o n s ,  p o s s i b l e  subsequent  e v e n t s ,  follow-up a c t i o n s ,  
and consequences. 
The formal ized  answers t o  th'e f o u r t h  ques t ion  a r e  numer ica l  pa ra -  
meters  t h a t  a r e  t o  be  i nco rpo ra t ed  i n  t h e  decisionmaking model. 
Such parameters  a r e  u t i l i t y  f u n c t i o n s ,  importance we igh t s ,  r i s k  
measures ,  and s u b j e c t i v e  d i s c o u n t  r a t e s .  With t h e s e  e l emen t s ,  
d e c i s i o n  a n a l y s i s  c o n s t r u c t s  a  mathemat ica l  p r e f e r e n c e  model ( f o r  
example, a  m u l t i a t t r i b u t e  expec t ed  u t i l i t y  model) w i t h  which a l -  
t e r n a t i v e  cou r se s  o f  a c t i o n  can  be  e v a l u a t e d .  
USE OF DECISION ANALYSIS FOR REGIONAL DECISIONMAKING 
Decis ion  a n a l y s i s  ha s  been a p p l i e d  a s  a  d e c i s i o n  a i d i n g  
t o o l  i n  a  l a r g e  number o f  f i e l d s  and d e c i s i o n  problems [ 4 , 5 ] .  
D ec i s ion  a n a l y s i s  may become u s e f u l  f o r  r e g i o n a l  decis ionmaking 
i n  a r e a s  such a s  f a c i l i t y  s i t i n g ,  t im ing  of  c o n s t r u c t i o n  a c t i v -  
i t i e s ,  and envi ronmenta l  p lanning .  However, d e c i s i o n  a n a l y s i s  
ha s  never  been a p p l i e d  t o  a  problem a s  complex a s  r e g i o n a l  s t r a t -  
egy s e t t i n g .  Thus t h e  p r e s e n t  a t t e m p t  i s  unique i n  t h a t  it 
s e e k s  t o  app ly  d e c i s i o n  a n a l y s i s  r e t r o s p e c t i v e l y ,  t o  s t u d y  p a s t  
d e c i s i o n  p r o c e s s e s  r a t h e r  t h a n  t o  a i d  p r e s e n t  ones .  Hopefu l ly ,  
a  c o n c i s e  f o rma l i zed  c h a r a c t e r i z a t i o n  of  p a s t  r e g i o n a l  d e c i s i o n -  
making p r o c e s s e s  w i l l  p rove  h e l p f u l  i n  p resen t -day  d e c i s i o n -  
making, bo th  f o r  t h e  decis ion-maker  and f o r  t h e  d e c i s i o n  a n a l y s t .  
The decision-maker may l e a r n  from t h e  c a s e  s t u d y  u s e f u l  ways t o  
s t r u c t u r e  h i s  problem; t h e  a n a l y s t  may be  a b l e  t o  i d e n t i f y  t h e  
d i f f i c u l t i e s  of u s i n g  such  an  approach.  
One may t h i n k  of app ly ing  d e c i s i o n  a n a l y s i s  r e t r o s p e c t i v e l y  
a s  a  t o o l  t o  e v a l u a t e  t h e  r a t i o n a l i t y  o f  p a s t  d e c i s i o n s ,  b u t  even 
a  c a s u a l  i n s p e c t i o n  of  t y p i c a l  c a s e  m a t e r i a l  makes it c l e a r  t h a t  
one canno t  hope t o  o b t a i n  a l l  t h e  i n f o r ma t ion  needed f o r  a  f u l l  
a n a l y s i s  and e v a l u a t i o n .  T he r e f o r e ,  t h i s  pape r  makes a  more mod- 
es t  a t t e m p t .  I t  t r ies  t o  f o r m a l i z e  a l l  t h e  c h a r a c t e r i s t i c s  o f  
s t r a t e g i c  dec i s ionmaking  i n  t h e  TVA and t h e  BITPC c a s e s  (problems,  
g o a l s ,  a l t e r n a t i v e s ,  and t r a d e o f f s )  t h a t  a  d e c i s i o n  a n a l y s t  
would have fo rma l i zed  i f  he had performed t h e  a n a l y s i s  a t  t h e  
t i m e  t h e  d e c i s i o n s  w e r e  t aken .  Tha t  is ,  an  a t t e m p t  i s  made t o  
r e c o n s t r u c t  problem ( o p p o r t u n i t y )  trees, g o a l  trees, and d e c i s i o n  
trees, and t o  a s s e s s  major  t r a d e o f f s .  S ince  t h e  d e c i s i o n  a n a l y t i c  
i n t e r p r e t a t i o n  of t h e  TVA and t h e  BITPC r e g i o n a l  s t r a t e g i e s  h a s  
t o  r e l y  on l i m i t e d  c a s e  m a t e r i a l ,  t h e  r e s u l t s  w i l l  n e c e s s a r i l y  
be  incomple te  and t e n t a t i v e .  T he r e f o r e ,  t h e  a n a l y s i s  w i l l  prob- 
a b ly  r a i s e  more q u e s t i o n s  than  p r ov ide  answers .  
ANALYSIS OF REGIONAL STRATEGY SETTING I N  THE TVA AND THE BITPC 
CASES 
Problems and O p p o r t u n i t i e s  
There  were problems and o p p o r t u n i t i e s  t h a t  l e d  up t o  
s t r a t e g i c  r e g i o n a l  d e c i s i o n s  i n  t h e  TVA and t h e  BITPC c a s e s  
( F i g u r e  1 ) .  The TVA can  b e s t  be c h a r a c t e r i z e d  a s  a  r e g i o n a l  
problem.  C l e a r l y ,  t h e r e  w e r e  some n a t i o n a l  c o n s i d e r a t i o n s  
p r i o r  t o  t h e  development o f  t h e  TVA, such  a s  i n t e r r e g i o n a l  
d i s e q u i l i b r i a  and n a t i o n a l  d e f e n s e  c o n s i d e r a t i o n s .  But r e g i o n a l  
TVA: A R e g i o n a l  P r o b l e m  BITPC: A N a t i o n a l  O p p o r t u n i t y  
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Figure 1. The TVA and the RITPC: tentative trees of problems ( 0 ) and 
opportur~ities ( 13 ). 
problems dominated: low income, h i g h  unemployment, and ou t -  
m ig ra t i on .  These problems were mainly  a  r e s u l t  o f  d e t e r i o r a t -  
i n g  a g r i c u l t u r e  and l agg ing  i n d u s t r i a l  development i n  t h e  r eg ion .  
These economic problems were i n  t u r n  a  consequence of  such  f ac -  
t o r s  a s  l and  e r o s i o n ,  f l o o d i n g ,  d i s t a n c e  from a t t r a c t i v e  marke ts ,  
l a c k  of  f e r t i l i z e r  u se ,  of modern a g r i c u l t u r a l  management, o f  
cheap ene rgy ,  and of  s k i l l e d  manpower. On t h e  o p p o r t u n i t y  s i d e  
were t h e  w a t e r  and energy r e s o u r c e s  o f  t h e  Tennessee R ive r ,  and 
a  r e l a t i v e l y  l a r g e  ( though u n s k i l l e d )  manpower base .  
The BITPC development may be r ega rded  a s  a  n a t i o n a l  oppor-  
t u n i t y .  The Bra t sk- I l imsk  Region p rov ided  a n  e x c e l l e n t  oppor-  
t u n i t y  f o r  t h e  s t e p w i s e  development o f  t h e  E a s t  S i b e r i a n  r e -  
s o u r c e s ,  p a r t i c u l a r l y  o f  t h e  v a s t  r e s o u r c e s  o f  t h e  Angara-Yenisei 
Region. There seem t o  be a t  l e a s t  two major  a s p e c t s  t o  t h i s  
oppo r tun i t y - - t he  l o c a l  r e s o u r c e s  o f  t h e  Bra t sk - I l imsk  Region 
( e . g . ,  hydropower r e s o u r c e s  o f  t h e  Angara River ,  t imbe r ,  i r o n  
o r e ,  and chemica l  raw m a t e r i a l s ) ;  and t h e  i n d i r e c t  o p p o r t u n i t i e s  
t h a t  t h e  BITPC cou ld  p rov ide  f o r  t h e  f u t u r e  development o f  ad j a -  
c e n t  r e g i o n s . *  For  example, t h e  BITPC c o u l d  be  used  a s  a  b a s e  f o r  
c o n s t r u c t i o n ,  t echnology ,  R 6 D, and energy .  On t h e  problem s i d e  
w e r e  manpower s h o r t a g e s ,  t r a n s p o r t a t i o n ,  s e v e r e  c l i m a t e ,  and 
s p a r s e  s e t t l e m e n t s .  Of c o u r s e ,  t h e  o p p o r t u n i t y  tree i s  s t i l l  
t e n t a t i v e ,  and many boxes w i l l  have t o  be  f i l l e d  i n .  
Goals and O b j e c t i v e s  
Attempts  t o  s t r u c t u r e  g o a l  t r e e s  from t h e  c a s e  m a t e r i a l  
proved d i f f i c u l t .  There a r e  many d i f f e r e n t  s t r u c t u r i n g  p r i n -  
c i p l e s  f o r  g o a l  t r e e s ,  and r e s u l t s  can d i f f e r  s u b s t a n t i a l l y .  
F i g u r e  2 r e p r e s e n t s  my i n t e r p r e t a t i o n  o f  t h e  g o a l s  and o b j e c t i v e s  
i n  t h e  TVA case .  The s u p e r g o a l  was t o  improve t h e  wel l -be ing  
o f  t h e  peop l e  i n  t h e  Tennessee Val ley .  Another  h i g h  l e v e l  g o a l  
t h a t  r e c e n t l y  a lmos t  faded  i n  importance was t h e  p r o v i s i o n  f o r  
n a t i o n a l  de f ense .  Unfolding t h e  tree, one c o u l d  e i t h e r  l o g i c a l l y  
s p e c i f y  t h e  supe rgoa l ,  o r  de te rmine  by which means one cou ld  
a c h i e v e  it. I s e l e c t e d  t h e  l a t t e r  approach,  and found t h a t  
t h e  main means cons ide r ed  f o r  improving t h e  wel l -be ing  of  t h e  
peop l e  was t o  improve t h e  r e g i o n a l  economy. The g o a l  o f  env i ron-  
men t a l  p r o t e c t i o n  emerged o n l y  i n  t h e  l a t e  1960s,  b u t  ha s  ga ined  
i n c r e a s i n g  importance.  F u r t h e r  down i n  t h e  h i e r a r c h y  we f i n d  t h e  
more s p e c i f i c  means t o  improve t h e  r e g i o n a l  economy by a t t r a c t -  
i n g  new i n d u s t r y  and improving t h e  a g r i c u l t u r e .  
Most of t h e s e  o b j e c t i v e s  c o i n c i d e  w i t h  t h e  main g o a l s  set 
by t h e  TVA a c t .  Beyond t h e s e  g e n e r a l  s t a t e m e n t s  ve ry  l i t t l e  i s  
known, and i t  proved f u t i l e  t o  de te rmine  more s p e c i f i c  t a r g e t s  
o r  measures  a g a i n s t  which r e g i o n a l  s t r a t e g i e s  c o u l d  be e v a l u a t e d .  
*See V.A. S h e l e s t ,  The Role of t h e  BITPC i n  So lv ing  Long-Term 
Development Problems of t h e  Angara-Yenisei Region, i n  t h i s  
volume. 
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Figure 2. The goal tree. TVA. 
To s t u d y  t h e  g o a l  s t r u c t u r e  i n  t h e  BITPC, I used  t h e  same 
means-ends l o g i c ,  t o g e t h e r  w i t h  a  s y n t h e t i c  approach o f  c o l l e c t -  
i n g  and i n t e g r a t i n g  a l l  t h e  g o a l  s t a t e m e n t s  c o n t a i n e d  i n  t h e  
BITPC p a p e r s .  F i g u r e  3 p r e s e n t s  my f i r s t  a t t e m p t  a t  t h e  g o a l  
s t r u c t u r e .  Corresponding t o  t h e  h i g h e r  complex i ty  o f  t h e  BITPC 
development ,  t h e  g o a l  s t r u c t u r e  i s  more complex, and many impor- 
t a n t  g o a l  a s p e c t s  need t o  be f i l l e d  i n .  A f r e q u e n t l y  r e f e r r e d  
t o  s u p e r g o a l  was t h e  improvement of  t h e  wel l -be ing  of  t h e  S o v i e t  
p e o p l e .  There  a r e  many means and s u b g o a l s  t h a t  would s p e c i f y  
t h i s  s u p e r g o a l ,  among them e n s u r i n g  h i g h  n a t i o n a l  economic growth.  
F o r  t h i s  f i r s t  a t t e m p t ,  I c o n c e n t r a t e d  on t h e  s p e c i f i c a t i o n  of 
t h e  n a t i o n a l  economic g o a l ,  b u t  t h e r e  a r e  o t h e r s .  I t  seems t o  
m e  t h a t  p r o v i s i o n  o f  n a t i o n a l  econoinic growth means, on t h e  one 
hand,  t h a t  r e s o u r c e  development  s t r a t e g i e s  f o r  t h e  BITPC s h o u l d  
m e e t  t h e  r e q u i r e m e n t s  o f  t h e  n a t i o n a l  economy f o r  cheap e n e r g y ,  
e n e r g y - i n t e n s i v e  p r o d u c t s ,  and raw m a t e r i a l s .  A somewhat inde-  
p e n d e n t  s u b g o a l  seemed t o  be t h e  development o f  new t e r r i t o r i e s  
i n  E a s t  S i b e r i a .  T h i s  c o u l d  have two o b j e c t i v e s :  d i r e c t  i m -  
provement o f  new r e g i o n s ,  and i n d i r e c t  improvement a s  a  b a s i s  f o r  
t h e  f u t u r e  development of  a d j a c e n t  r e g i o n s .  On t h e  l o w e s t  l e v e l  
o f  t h e  tree, I s p e c i f i e d  s e v e r a l  p o s s i b l e  a s p e c t s  of  d i r e c t  and 
i n d i r e c t  improvement o f  new t e r r i t o r i e s ,  and  o f  mee t ing  n a t i o n a l  
economic needs.  
T h i s  g o a l  tree may be u s e f u l  o n l y  i n  t h e  f i r s t  s t a g e  of  
a n a l y s i s .  W e  s h o u l d  e x p l o r e  f u r t h e r  a l l  t h e  e l e m e n t s  t h a t  have 
been l e f t  o u t  o f  t h e  tree; a l s o ,  w e  s h o u l d  e x p l o r e  o t h e r  l o g i c a l  
ways o f  u n f o l d i n g  t h e  t r e e .  
A 1  t e r n a t i v e s  
S i n c e  one u s u a l l y  b u i l d s  d e c i s i o n  trees by l o o k i n g  i n t o  a n  
u n c e r t a i n  f u t u r e ,  t h e  r e t r o s p e c t i v e  c o n s t r u c t i o n  of  such  a  tree 
i s  d i f f i c u l t .  I f  one t r i e s  t o  c o n s t r u c t  t h e  a c t u a l  d e c i s i o n  
s t e p s  t h a t  were t a k e n ,  t h e  p a t h  th rough  t h e  d e c i s i o n  tree becomes 
c l e a r ,  b u t  a l t e r n a t i v e s  and,  more i m p o r t a n t l y ,  t h e  l o g i c  o f  t h e  
s t r a t e g y  u n f o l d i n g  a r e  obscured .  T h e r e f o r e ,  I c o n c e n t r a t e d  a s  
a  f i r s t  approach  on c o n s t r u c t i n g  trees t h a t  r e f l e c t  t h e  l o g i c  
o f  s t r a t e g y  s p e c i f i c a t i o n  r a t h e r  t h a n  on t h e  a c t u a l  a c t i o n s  and 
e v e n t s  t h a t  o c c u r r e d .  A c t i o n s  and  a c t i v i t i e s  t h a t  w e r e  t a k e n  
a t  e a c h  s t a g e  o f  t h e  development  had t o  r e f l e c t  t h e  l o g i c  t h a t  
was i t e r a t i v e l y  g e n e r a t e d  th rough  t h e  d e c i s i o n  p r o c e s s .  The t a s k  
o f  i n t e g r a t i n g  an a c t u a l  a c t i o n  and e v e n t s  tree i n  t h e  l o g i c a l  
s t r a t e g i c  d e c i s i o n  trees p r e s e n t e d  h e r e  remains  one  of t h e  more 
i m p o r t a n t  f u t u r e  t a s k s  o f  d e c i s i o n  a n a l y s i s .  
My a t t e m p t  t o  b u i l d  a  d e c i s i o n  tree i n  t h e  TVA c a s e  i s  
shown i n  F i g u r e  4 .  The i n i t i a l  d e c i s i o n  was t o  improve r e g i o n a l  
development  by means o f  a  f e d e r a l l y  f i n a n c e d  program. S t r o n g l y  
d i s c u s s e d  a l t e r n a t i v e s  went a s  f a r  a s  s u g g e s t i n g  no f e d e r a l  ac -  
t i o n s .  The second d e c i s i o n  was t o  e s t a b l i s h  a  governmenta l  o rga-  
n i z a t i o n ,  s t a f f e d  w i t h  a  h i g h  d e g r e e  of  independence t h a t  would 
b e  e n s u r e d  by no y e a r  money and f l e x i b i l i t y  i n  s h i f t i n g  appro- 
p r i a t i o n s  among programs. I n  a  m a r k e t - o r i e n t e d  economy a  c l e a r  
a l t e r n a t i v e  t o  t h i s  s t r a t e g y  would b e  t o  u s e  i n c e n t i v e  o r  regu-  
l a t o r y  programs t o  a t t r a c t  p r i v a t e  e n t e r p r i s e s  and t o  s u p p o r t  
IMPROVE THE WELL BEING 
OF THE S O V I E T  PEOPLE 
r--- 1 --L- 1 
ENSURE HIGH I I I 
NATIONAL ECONOMIC I ? ? ? ?  I ? ? ? ?  GROWTH I 
IMPROVE THE DEVELOP- 
MENT OF NEW TERRITORIES 
I 
DIRECT IM- 
PROVEMENT 
INDIRECT IMPROVEMENT : lDEVELOPMENT E b E : : 7  
---I 
AND INDUSTRY CHEAP ENERGY INTENSIVE PRODUCTS 
I ? ? ? ?  PROVIDE 
L - - A  PRODUCTION RAW MATERIALS 
S P E C I F I C  SUBOBJECTIVES AND TARGETS 
Figure 3. BITPC: tentative goal tree. 
NO FEDERAL FEDERALLY FINANCED REGIONAL 
ACTION DEVELOPMENT STRATEGY 
n / T \  
INCENTIVE, SUPPORT INDEPENDENT REGIONAL DEVELOPMENT 
& REGULATION PROGRAMS ORGANIZATION STRATEGY 
FOR PRIVATE ENTER- n 
P R I S E S  / T \  
INTEGRATED INDUSTRIAL POWER & WATER STRATEGY 
& AGRICULTURAL (MULTIPURPOSE DAMS) 
DEVELOPMENT STRATEGY F E R T I L I Z E R  DEVELOPMENT 
/ r ~ u p p o R T I N G  PROGRAMS (AGRICULTURAL & F-ING 
MANAGEMENT, RECREATION, 
ETC . ) 
n 
Figure 4. TVA: decision tree. 
a g r i c u l t u r a l  development. The subs tance  of t h e  TVA s t r a t e g y  was 
then  decided t o  be a  water  and power s t r a t e g y ,  and t o  concur ren t ly  
b u i l d  a  base  f o r  f e r t i l i z e r  development. Added t o  t h i s  b a s i c  
s t r a t e g y  were suppor t ing  and f l ank ing  programs t o  a t t r a c t  i n d u s t r y  
through informat ion  and i n c e n t i v e s ,  t o  improve a g r i c u l t u r a l  de- 
velopment through educat ion  programs, and t o  provide  r e c r e a t i o n  
f a c i l i t i e s .  More r e c e n t  s t r a t e g i c  d e c i s i o n s  concerned mainly 
energy ( c o a l  ve r sus  n u c l e a r ) ,  and environmental  a spec t s .  
A s  wi th  t h e  problem and goa l  t r e e ,  my a t t empt  t o  c r e a t e  a  
d e c i s i o n  t r e e  i n  t h e  BITPC case  i s  s t i l l  a t  a  very e a r l y  and ten-  
t a t i v e  s t a g e  (Figure  5 ) .  The s t r a t e g i e s  f o r  developing t h e  
Bra tsk- I l imsk Region were p a r t  of a  grand scheme f o r  t h e  s tepwise  
development of Eas t  S i b e r i a .  But w i t h i n  t h i s  scheme, s e v e r a l  
a l t e r n a t i v e  s t e p s  were taken t h a t  seemed t o  be geared toward a 
complex and s e l f - s u f f i c i e n t  s t r a t e g y  r a t h e r  than  a s t r a t e g y  f o r  
supply ing  developed r eg ions  wi th  raw m a t e r i a l s .  C l e a r l y ,  one of  
t h e  i n i t i a l  s t r a t e g i c  d e c i s i o n s  was t o  a s s ign  p r i o r i t y  t o  t h e  
development of  t h e  E a s t  S i b e r i a n  r e sources .  The nex t  d e c i s i o n  
was a s e t t l e m e n t  s t r a t e g y ,  t o  develop energy r e sources  and energy- 
i n t e n s i v e  products  w i th  l o c a l  raw m a t e r i a l s .  A conceivable  a l -  
t e r n a t i v e  would have been t o  t r a n s p o r t  energy and raw m a t e r i a l s  
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t o  t h e  European p a r t  o f  t h e  coun t ry .  The TPC s t r a t e g y  t aken  sub- 
s e q u e n t l y  went even f u r t h e r ,  namely t o  draw raw m a t e r i a l s  from 
o t h e r  r e g i o n s  t o  develop ene rgy - in t ens ive  p r o d u c t s  i n  t h e  BITPC. 
A complementary o r  complexi ty  s t r a t e g y  completed t h e  s t r a t e g i c  
development--to deve lop  produc ts  i n  t h e  BITPC t h a t  complemented 
t h e  l o c a l  i n d u s t r i a l  development.  Beyond t h e s e  s t r a t e g i c  dec i -  
s i o n s ,  s e v e r a l  s p e c i f i c  d e c i s i o n s  had t o  be  t aken  abou t  program 
s e l e c t i o n ,  t i m i n g ,  and l o c a t i o n  i n  t h e  v a r i o u s  BITPC s e c t o r s  t h a t  
r e f l e c t e d  t h e  s t r a t e g i c  d e c i s i o n  a t  each  s t a g e .  
The i m p l i c a t i o n s  f o r  t h e  s p e c i f i c  r e g i o n a l  d e c i s i o n s  i n  t h e  
BITPC a r e  s t r o n g .  For  example, t h e  d e c i s i o n  t o  b u i l d  a  powerfu l  
c o n s t r u c t i o n  i n d u s t r y  w i t h i n  t h e  BITPC was t h e  r e s u l t  o f  t h e  
s e l f - s u f f i c i e n c y  and s e t t l e m e n t  s t r a t e g y  connec ted  w i t h  t h e  en- 
v i s aged  f u t u r e  r e s o u r c e  development s t r a t e g i e s  f o r  a d j a c e n t  re- 
g ions .  S i m i l a r l y ,  t h e  c r e a t i o n  of  a huge power r e s e r v e  and t h e  
need t o  p rov ide  f o r  a t t r a c t i v e  l i v i n g  c o n d i t i o n s  i n  t h e  BITPC 
a r e  a  r e s u l t  of  t h e  s t r a t e g i c  development scheme. 
To complete  t h e  t r e e  and t o  make it more r e a l i s t i c ,  I would 
need more i n fo rma t ion  abou t  p o s s i b l e  a l t e r n a t i v e s  ( c h a r a c t e r i z e d  
i n  F i g u r e  5 by q u e s t i o n  marks) t h a t  were d i s c u s s e d  a t  t h e  t ime  
t h e  s t r a t e g i c  d e c i s i o n s  were made. I am u n c e r t a i n  about  t h e  re- 
l a t i o n  between a c t u a l  s t r a t e g i c  d e c i s i o n s  and  t h e  subsequent  con- 
c r e t e  a c t i o n s .  F i n a l l y ,  I would l i k e  t o  d i s c u s s  how much expec ted  
o r  unexpected e v e n t s  i n f l u e n c e d  t h e  dec i s ionmaking  p roce s s .  
P r e f e r e n c e  C h a r a c t e r i s t i c s  
I n  b o t h  t h e  TVA and t h e  BITPC c a s e s ,  it proved very  d i f  f i -  
c u l t  t o  r e c o n s t r u c t  t h e  t r a d e o f f s  t h a t  gu ided  dec i s ionmaking .  
I n  t h e  TVA, one can e a s i l y  r e cogn i ze  t h e  change from e q u a l l y  
weigh ted  g o a l s  ( f l o o d  c o n t r o l ,  ene rgy ,  and a g r i c u l t u r a l  develop-  
ment) t o  t h e  p r i o r i t y  of  energy o b j e c t i v e s .  These were l a t e r  
reduced i n  impor tance  somewhat th rough  t h e  growing impor tance  
of  env i ronmen ta l  c o n s i d e r a t i o n s .  But  t h e  i n fo rma t ion  i s  t o o  
l i m i t e d  t o  a s s e s s  t h e  major  t r a d e o f f s ,  l e t  a l one  t o  c o n s t r u c t  a  
v a l u e  model. 
Some of  t h e  Conference pape r s  have r e f e r r e d  t o  v a l u e  t r a d e -  
o f f s  between s e c t o r i a l  and r e g i o n a l  o b j e c t i v e s ,  and between na- 
t i o n a l  and r e g i o n a l  g o a l s  and i n t e r e s t s * .  Bu t ,  i n  g e n e r a l ,  few 
e x p l i c i t  s t a t e m e n t s  r e f e r  t o  t r a d e o f f s  between p u b l i c  and p r i -  
v a t e  consumption,  n a v i g a t i o n  and energy p roduc t i on ,  env i ronmenta l  
p r o t e c t i o n ,  c o s t s  f o r  i n d u s t r i a l  l o c a t i o n ,  e t c .  Another  p r e f -  
e r e n c e  c h a r a c t e r i s t i c  t h a t  a  d e c i s i o n  a n a l y s t  would need t o  
a s s e s s  i s  t i m e  p r e f e r e n c e s ,  e . g . ,  t h e  t r a d e o f f  between d e f e r r e d  
*See L. Gramoteyeva, Long-Berm P lann ing  i n  t h e  U S S R  and D e c i s i o n -  
making f o r  t h e  Development  o f  t h e  B I T P C ,  and V . P .  Gukov and 
A . N .  Semyonov, E x p e r i e n c e  i n  t h e  Format ion  o f  t h e  B I T P C ,  i n  t h i s  
volume. 
p r i v a t e  consumption now and i n c r e a s e d  p r i v a t e  consumption i n  t h e  
f u t u r e .  O f  s i m i l a r  impor tance  i s  t h e  problem o f  r i s k  and r i s k -  
t a k i n g  i n  s t r a t e g i c  dec i s ionmaking .  S e v e r a l  p a p e r s  have ac -  
knowledged t h e  impor tance  o f  u n c e r t a i n t y  h a n d l i n g  i n  d e c i s i o n -  
making. But l i t t l e  h a s  been s a i d  a b o u t  t h e  mechanisms by which 
s t r a t e g i c  d e c i s i o n s  a c c o u n t  f o r  u n c e r t a i n t y .  I n  t h e  a c t u a l  un- 
f o l d i n g  o f  t h e  s t r a t e g i e s  i n  t h e  BITPC, t h e  way t o  h a n d l e  r i s k s  
i s  by an  a d a p t i v e  s t e p w i s e  d e c i s i o n m a k i n g  p r o c e s s ;  t h i s  seems 
l i k e  a  r i s k  a v e r s e  s t r a t e g y .  On t h e  o t h e r  h a n d ,  some s t r a t e g i c  
d e c i s i o n s  seem t o  have  been  m o t i v a t e d  by u n d e t e c t e d  r e s o u r c e s  i n  
E a s t  S i b e r i a ;  t h i s  seems l i k e  a  r i s k y  s t r a t e g y .  I t  would b e  
i n t e r e s t i n g  t o  e x p l o r e  t o  what d e g r e e  r i s k  t a k i n g  i s  p o s s i b l y  
confounded h e r e  w i t h  t h e  t i m e  h o r i z o n  o f  s t r a t e g i c  dec i s ionmaking .  
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ECONOMIC EFFICIENCY OF TERRITORIAL-PRODUCTION UNITS 
The economic e f f i c i e n c y  accru ing  from improved s p a t i a l  
o r g a n i z a t i o n  of t h e  product ive  f o r c e s  i s  determined by t h r e e  
b a s i c  f a c t o r s :  ( a )  t echno log ica l  coopera t ion  f o r  t h e  j o i n t  use  
of  raw m a t e r i a l s  by combining i n  one e n t e r p r i s e  o r  c e n t e r  d i f -  
f e r e n t  product ion  l i n e s  r e p r e s e n t i n g  success ive  s t a g e s  of  raw 
m a t e r i a l  process ing;  (b )  t h e  e s t ab l i shmen t  and o p e r a t i o n  of  com- 
mon a u x i l i a r y ,  t r a n s p o r t  and power u n i t s ,  wa te r  and h e a t  supply 
and sewerage systems; and ( c )  t h e  op t imiza t ion  o f  s e t t l e m e n t  
p a t t e r n s  and t h e  s t r u c t u r e  of  t h e  i n d u s t r i e s  s e r v i n g  t h e  popu- 
l a t i o n .  The r e a l i z a t i o n  of  each r e q u i r e s  a  commitment of f inan-  
c i a l  and m a t e r i a l  r e sources  and t h e  involvement of  a p p r o p r i a t e  
bodies  of s t a t e  and economic management [ I ] .  
S o c i a l  ownership of  t h e  means of product ion  i s  t h e  b e s t  
p o s s i b l e  means f o r  meeting t h e  i n c r e a s i n g  m a t e r i a l  and c u l t u r a l  
requi rements  of s o c i e t y .  I n  1918, Lenin s i n g l e d  o u t  among t h e  
t o p  p r i o r i t y  t a s k s  f o r  t h e  coun t ry ' s  economic development 
... t h e  r a t i o n a l  d i s t r i b u t i o n  of  i n d u s t r y  i n  t h e  Sov ie t  
Union from t h e  s t andpo in t  o f  proximity t o  raw ma te r i -  
a l s  and t h e  lowest  consumption of  l abo r  power i n  t h e  
t r a n s i t i o n  from t h e  p rocess ing  o f  t h e  raw m a t e r i a l s  t o  
a l l  subsequent  s t a g e s  i n  t h e  p rocess ing  of  semi-manu- 
f a c t u r e d  goods, up t o  and inc lud ing  t h e  o u t p u t  of  t h e  
f i n i s h e d  product ;  ... t h e  r a t i o n a l  merging and concen- 
t r a t i o n  of  i n d u s t r y  i n  a  few b i g  e n t e r p r i s e s  from t h e  
s t a n d p o i n t  of  t h e  most up-to-date l a rge - sca l e  i n d u s t r y ,  
e s p e c i a l l y  t r u s t s  . . . [ 2 ] .  
Implementation o f  t h e s e  i d e a s  was s t a r t e d  i n  1920 wi th  t h e  
Goelro Plan  under Lenin ' s  d i r e c t i o n .  The development of  e l e c t r i c  
power gene ra t ion  was c l o s e l y  t i e d  t o  t h e  development of  o t h e r  
branches of  t h e  n a t i o n a l  economy. Large d i s t r i c t  e l e c t r i c  power 
s t a t i o n s  would provide  t h e  b a s i s  f o r  t h e  economic a c t i v i t i e s  of  
t h e  sur rounding  t e r r i t o r i e s .  I t  was f e l t  t h a t  i n  t h e  course  of  
t h e  p l a n ' s  implementation, t e r r i t o r i a l - p r o d u c t i o n  u n i t s  would 
emerge i n  t h e  European p a r t  o f  t h e  count ry ,  and t h e i r  development 
would be s t imu la t ed  by t h e  i n t e g r a t e d  power base.  Therefore ,  i n  
s e t t i n g  p r i o r i t i e s  and d e a d l i n e s  f o r  t h e  c o n s t r u c t i o n  of e l e c t r i c  
power s t a t i o n s ,  t h e  au tho r s  of t h e  Goelro Plan  were guided n o t  
only by t h e  e f f i c i e n c y  of power gene ra t ion  b u t  a l s o  by t h e  expe- 
diency of  and t h e  advantages o f f e r e d  by developing  t e r r i t o r i a l -  
product ion  u n i t s  t h a t  might a r i s e  on t h e  b a s i s  of  t h e  genera ted  
e l e c t r i c  power. 
The Dnieper  power p r o j e c t  i s  an e x c e l l e n t  example of  t h e  
improved t e r r i t o r i a l  o r g a n i z a t i o n  of  t h e  c o u n t r y ' s  economy. Be- 
f o r e  t h e  r e v o l u t i o n ,  t h e  Dnieper problem had been regarded  a s  
one of  wa t e r  t r a n s p o r t  and power p r oduc t i on  o n l y ;  i t  was now 
approached from t h e  v iewpoin t  o f  comprehensively deve lop ing  a  
group o f  a l l i e d  i n d u s t r i e s  on t h e  b a s i s  o f  cheap e l e c t r i c i t y .  
Th i s  systems approach t o  p l ann ing  t h e  development o f  t h e  
p r o d u c t i v e  f o r c e s  was f u r t h e r  improved by e l a b o r a t i n g  t h e  ter- 
r i t o r i a l  a s p e c t  o f  t h e  c o u n t r y ' s  f i r s t  Five-Year development 
p l a n .  I n  a d d i t i o n  t o  more i n t e n s i v e  p l ann ing  methods f o r  eco-  
nomic development d u r i n g  t h e  19 30s ,  t h e  sys tems  approach was 
used i n  t h e  de s ign  of v a r i o u s  t e r r i t o r i a l - p r o d u c t i o n  u n i t s .  
The g r e a t e s t  s u c c e s s  i n  t h i s  r e s p e c t  was ach ieved  i n  d e s i g n i n g  
t h e  Maly A n g a r s t r o i  p r o j e c t .  
C u r r e n t l y ,  t h e  problems of  improving t h e  t e r r i t o r i a l  o r gan i -  
z a t i o n  of  t h e  n a t i o n a l  economy a r e  becoming i n c r e a s i n g l y  u r g e n t  
because  of  t h e  growing complex i ty  o f  t h e  economy's p a t t e r n s  and 
i t s  e n l a r g e d  scope.  The p l a n n i n g  of  economic advancement i n  t h e  
USSR i s  done by p l ann ing  bod i e s  who b a s e  t h e i r  work on s c i e n t i f i c  
s t u d i e s  by numerous branch ,  i n t e g r a t e d  RED and p r o j e c t  p l ann ing  
o r g a n i z a t i o n s .  The USSR S t a t e  C ons t r uc t i on  Management Agency 
ha s  o rgan i zed  s p e c i a l i z e d  p r o j e c t  p l ann ing  a g e n c i e s - - i n s t i t u t e s  
f o r  town p l ann ing  and depar tments  f o r  d e s i g n i n g  i n d u s t r i a l  u n i t s  
a t  t e r r i t o r i a l  p r o j e c t  p l a nn ing  i n s t i t u t e s .  
The j o i n t  e f f o r t s  o f  p r o j e c t  p l ann ing  o r g a n i z a t i o n s  and p lan-  
n i n g  bodes have r e s u l t e d  i n  p r o j e c t s  o f  d i s t r i c t  l a y o u t s  o f  i n -  
d u s t r i a l  and a g r i c u l t u r a l  a r e a s ,  and i n  p l a n s  o f  towns and mas t e r  
p l a n s  f o r  l o c a t i n g  groups of i n d u s t r i a l  e n t e r p r i s e s  on one con- 
s t r u c t i o n  s i te .  The implementat ion of t h e s e  p r o j e c t s  y i e l d s  an 
a p p r e c i a b l e  economy t o  t h e  S t a t e .  For  example, t h e  t r a n s i t i o n  
from an i nd iv iduaL  l o c a t i o n  of  e n t e r p r i s e s  t o  a  group p a t t e r n  
r e duces  t h e  number o f  workers  by 10 t o  37 p e r c e n t ,  depending on 
t h e  t y p e  of  i n d u s t r i e s  be ing  u n i t e d ,  and t h e  l e n g t h  of  communi- 
c a t i o n  l i n e s  by about  15 p e r c e n t .  The s a v i n g s  i n  c a p i t a l  i n v e s t -  
ments r ange  from 4 t o  39 p e r c e n t ,  w i t h  t h e  ave r age  be ing  abou t  
10 p e r c e n t  [3] . Thus, t h e r e  i s  a  more op t ima l  u s e  of  n a t u r a l  
and human r e s o u r c e s  and c a p i t a l  inves tments .  The s av ings  r e a l i z e d  
from improved t e r r i t o r i a l  o r g a n i z a t i o n  a r e  shown i n  Table  1  f o r  
s e v e r a l  k i n d s  of  t e r r i t o r i a l - p r o d u c t i o n  u n i t s .  I t  can be  s een  
t h a t  economies a r e  ach ieved  by reduc ing  c a p i t a l  inves tments  f o r  
c o n s t r u c t i o n  and o p e r a t i n g  c o s t s .  
The e f f i c i e n c y  o f  t h e  t e r r i t o r i a l  o r g a n i z a t i o n  o f  s o c i a l  
p roduc t i on  l a r g e l y  depends on t h e  l o c a t i o n  and c a p a c i t y  of aux- 
i l i a r y  i n d u s t r i e s  and i n s t i t u t i o n s  o f  t h e  nonma te r i a l  s phe r e  t h a t  
a r e  set  up i n  v a r i o u s  t e r r i t o r i a l - p r o d u c t i o n  u n i t s .  Each l e v e l  
o f  a  t e r r i t o r i a l  u n i t  i n c l u d e s  s m a l l e r  t e r r i t o r i a l  s u b u n i t s .  
The re fo r e  i n d u s t r i e s  and s e r v i c e s  change when p a s s i n g  from a  
lower t o  a  h i g h e r  t e r r i t o r i a l - p r o d u c t i o n  u n i t .  I n  c a s e s  o f  less- 
er r equ i r emen t s  f o r  goods o r  s e r v i c e s  o r  o f  g r e a t e r  t r a n s p o r t a b i l -  
i t y ,  e n t e r p r i s e s  and i n s t i t u t i o n s  w i t h  a  c o n s i d e r a b l e  range o f  
o p e r a t i o n s  w i l l  appear .  
Table 1. Savings r e a l i z e d  from improved t e r r i t o r i a l  o rgan iza t ion .  
T e r r i t o r i a l - p r o d u c t i o n  complexes  (TPCs) a r e  o n e  o f  t h e  l i n k s  
i n  t h e  s y s t e m  o f  t e r r i t o r i a l  o r g a n i z a t i o n  o f  t h e  p r o d u c t i v e  f o r c e s  
i n  t h e  USSR. T a r g e t s  f o r  t h e  ma jo r  TPCs, a s  f a r  a s  d e v e l o p i n g  
t h e  l e a d i n g  b r a n c h e s  o f  t h e i r  economies ,  a r e  f i x e d  i n  t h e  S t a t e  
p l a n  [ 4 ,  p p . 2 5 8 , 2 6 0 , 2 6 8 , 2 6 9 , 2 7 6 ] .  
Such t a r g e t s  have  a l s o  been  set  f o r  t h e  BITPC. The c u r r e n t  
Five-Year  P l a n  e n v i s a g e s  t h e  c o m p l e t i o n  o f  t h e  c o n s t r u c t i o n  i n  
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n e g l i g i b l e . )  
t h e  BITPC o f  an aluminium p l a n t ,  a  t i m b e r  p r o d u c t i o n  complex, a  
h e a t i n g  equipment  p l a n t ,  a  f u r n i t u r e  f a c t o r y ,  a  garment f a c t o r y ,  
t h e  f i r s t  e i g h t  u n i t s  o f  t h e  Us t - I l imsk  hydropower s t a t i o n  (HPS) 
w i t h  a  t o t a l  c a p a c i t y  o f  1.9 m i l l i o n  kW, a s  w e l l  a s  t h e  s t a r t  o f  
t h e  b u i l d i n g  o f  t h e  Ust-I l imsk p u l p  m i l l  [Q, p.259-2601. 
PLANNING AND MANAGEMENT OF A  TERRITORIAL-PRODUCTION COMPLEX 
The TPC i s  p a r t  o f  t h e  c o u n t r y ' s  n a t i o n a l  economy, compr i s ing  
t h e  t e r r i t o r y  o f  s e v e r a l  b a s i c  a d m i n i s t r a t i v e  d i s t r i c t s .  The 
TPC s o l v e s  one o r  s e v e r a l  major  i n t e r c o n n e c t e d  economic p rob lems ,  
w i t h  a c c o u n t  t a k e n  of  t h e  g e o g r a p h i c  p o s i t i o n ,  t h e  economic po- 
t e n t i a l ,  and t h e  a v a i l a b i l i t y  o f  n a t u r a l  and manpower r e s o u r c e s .  
A  p r o d u c t i v e  and s o c i a l  i n f r a s t r u c t u r e  is  formed, and technolog-  
i c a l l y  i n t e r r e l a t e d  e n t e r p r i s e s  a r e  b u i l t  on t h e  complex. As a  
r u l e ,  t h e  TPC a p p e a r s  a f t e r  a  p l a n  f o r  i t s  development  h a s  been 
e l a b o r a t e d .  U s u a l l y ,  a  complex i n c l u d e s  s e v e r a l  towns and dozens 
o f  i n d u s t r i a l  and a g r i c u l t u r a l  s e t t l e m e n t s  which g r a v i t a t e  eco-  
n o m i c a l l y  t o  t h e  TPC c o r e ,  t h e  l a t t e r  b e i n g  t h e  l a r g e s t  i n d u s t r i a l  
c e n t e r .  
The TPC i s  a  s e p a r a t e  o b j e c t  f o r  p l a n n i n g  and management, 
inasmuch a s  s o l u t i o n s  t o  major  economic b r a n c h  problems r e q u i r e  
t h e  c r e a t i o n  o f  a u x i l i a r y  i n d u s t r i e s  and s e r v i c e s .  T h e r e f o r e  it 
i s  n e c e s s a r y  t o  c o o r d i n a t e  b ranch  and t e r r i t o r i a l  p l a n n i n g  on t h e  
TPC l e v e l .  
Having d e f i n i t e  economic i n t e g r i t y ,  t h e  TPC m a i n t a i n s  numer- 
ous  economic t i es  w i t h  o t h e r  p a r t s  of  t h e  c o u n t r y ' s  economy. 
N e v e r t h e l e s s ,  i t s  economic and t e c h n o l o g i c a l  t i es  a r e  c l o s e r  and 
it e x e r t s  a  more p rofound  i n f l u e n c e  on t h e  e f f i c i e n c y  o f  t h e  com- 
p l e x e s  c o n n e c t e d  w i t h  it. 
On t h e  TPC l e v e l ,  it i s  n e c e s s a r y  f i r s t  t o  e n s u r e  t h e  f u l l e s t  
p o s s i b l e  s a t i s f a c t i o n  o f  t h e  p o p u l a t i o n ' s  r e q u i r e m e n t s :  t o  pro-  
v i d e  a l l  ab le -bodied  p e r s o n s  w i t h  work, t o  e n s u r e  r a t i o n a l  set t le-  
ment p a t t e r n s ,  t o  d e v e l o p  everyday  s e r v i c e s ,  e t c .  The synchronous  
commissioning o f  i n t e r d e p e n d e n t  t e c h n o l o g i c a l  p r o j e c t s ,  t h e  r a -  
t i o n a l  development  o f  a u x i l i a r y  i n d u s t r i e s ,  t r a n s p o r t ,  power, 
f u e l  and w a t e r  s u p p l y ,  a r e  some o f  t h e  problems t h a t  a r e  t a c k l e d .  
S i n c e  t h e r e  a r e  a  c o n s i d e r a b l e  number of  d e p a r t m e n t s  i n v o l v e d  
i n  t h e  p l a n n i n g  and management o f  t h e  TPC, it i s  n e c e s s a r y  t o  co- 
o r d i n a t e  t h e  a c t i v i t i e s  o f  t h e  e n t e r p r i s e s  and o r g a n i z a t i o n s  o f  
TPC, e s p e c i a l l y  a t  t h e  c o n s t r u c t i o n  s t a g e .  
The TPC c a n n o t ,  a s  a  r u l e ,  b e  l i m i t e d  t o  one a d m i n i s t r a t i v e  
d i s t r i c t ,  whose concern  i s  p r i m a r i l y  w i t h  t h e  d a i l y  management 
o f  a g r i c u l t u r a l  p r o d u c t i o n  and t h e  p r o v i s i o n  o f  a d m i n i s t r a t i v e  
and l e g a l  s e r v i c e s  f o r  t h e  p o p u l a t i o n .  The TPC o c c u p i e s  t h e  ter- 
r i t o r y  o f  s e v e r a l  a d m i n i s t r a t i v e  d i s t r i c t s .  T h e r e f o r e ,  a  major  
r o l e  i n  t h e  development  o f  t h e  TPC, i s  p l a y e d  by t h e  r e g i o n a l ,  
r e p u b l i c  and union p l a n n i n g  and management b o d i e s  and ,  p r i m a r i l y  
by t h e  r e g i o n a l  S o v i e t s  of  working p e o p l e ' s  d e p u t i e s .  
CHARACTERISTICS OF THE BITPC 
The background and h i s t o r i c a l  development  o f  t h e  BITPC h a s  
been d i s c u s s e d  i n  d e t a i l  e l s e w h e r e  i n  t h i s  volume.* W e  w i l l  
t h e r e f o r e  f o c u s  a t t e n t i o n  on t h e  o r g a n i z a t i o n a l  a s p e c t s  o f  t h e  
BITPC ( F i g u r e  1 ) . 
m 
Figure 1. Subordination organizational chart of the projects of the BITPC. 
(See below and next page for key.) 
1 .  USSR Supreme S o v i e t ;  5. Head Depar tments ;  
2 .  A d m i n i s t r a t i v e  S u b o r d i n a t i o n ;  6 .  USSR C o u n c i l  o f  M i n i s t e r s ;  
3 .  P l a n n i n g  Connec t ions ;  7. USSR S t a t e  P l a n n i n g  Com- 
4 .  Union M i n i s t r i e s ;  m i t t e e ;  
*See N.A.  S o l o v i e v  and  K.Ya. Donchenko, The Role  o f  R e p u b l i c  and 
Local P lann ing  and Management Bodies  i n  t h e  Development o f  t h e  
BITPC, i n  t h i s  volume. 
8. C o u n c i l  of  M i n i s t e r s  o f  t h e  35. B u i l d i n g  M a t e r i a l s  
Russian F e d e r a t i o n ;  E n t e r p r i s e s ;  
9. S t a t e  P l a n n i n g  Committee o f  36. C o n s t r u c t i o n  and E r e c t i o n  
t h e  Russ ian  F e d e r a t i o n ;  Departments ; 
10. Republ ican  M i n i s t r i e s ;  37. Hydropower S t a t i o n s ,  
11. Head Departments ;  E l e c t r i c  Steam S t a t i o n s ;  
12. Department;  38. Timber Procurement  and 
13. Department;  Wood Chemistry  E n t e r -  
14. Department;  p r i s e s ;  
15. A s s o c i a t i o n ;  39. Timber P r o d u c t i o n  Complexes, 
16. S e c t i o n s  and Departments;  H e a t i n g  Equipment P l a n t ;  
17. Regiona l  E x e c u t i v e  Committee; 40. B a k e r i e s ,  Mechanical  
18. P l a n n i n g  Commission; B a k e r i e s  ; 
19. Department;  41. Educa t ion ;  
20. Department:  42. P u b l i c  H e a l t h  S e r v i c e s ;  
2  1. Department;  43. C u l t u r e ;  
22. Department;  44. Trade ;  
23. Regiona l  Leve l ;  45. P u b l i c  U t i l i t i e s  and 
24. Railway Board; S o c i a l  S e r v i c e s ;  
25. A i r c r a f t  Works; 46. S o c i a l  S e c u r i t y ;  
26. C o n s t r u c t i o n  Department;  47. F i n a n c i a l  Bodies ;  
27. I n t e g r a t e d  P l a n t ;  48. Munic ipa l  S e r v i c e s ;  
28. D i s t r i c t  ( C i t y )  E x e c u t i v e  49. S t a t e  Farms; 
Committee ; 50. Meat Pack ing  P l a n t s ,  
29. P l a n n i n g  Commission; Dairy P l a n t s ;  
30. Department;  51. C l o t h i n g  F a c t o r y ;  
31. E n t e r p r i s e ;  52. Motor Depot;  
32. TPC L e v e l ;  53. P i e r s  and Moorages. 
33. Railway S t a t i o n s ;  
34. A i r p o r t s ,  A i r f i e l d s ;  
The c o n s t r u c t i o n  and f u n c t i o n i n g  o f  t h e s e  s p e c i a l i z e d  e n t e r -  
p r i s e s  a r e  based  on t h e  TPC's b u i l d i n g  m a t e r i a l s  i n d u s t r y ,  h e a t  
and power e n g i n e e r i n g ,  r e p a i r  and t r a n s p o r t  f a c i l i t i e s ,  e t c .  
Housing and communal s e r v i c e  f a c i l i t i e s ,  h e a l t h  s e r v i c e s ,  edu-  
c a t i o n a l  e s t a b l i s h m e n t s  and c u l t u r a l  i n s t i t u t i o n s  have been  
s e t  up. E n t e r p r i s e s  o f  l i g h t  i n d u s t r i e s  and t h e  food i n d u s t r y ,  
and suburban a g r i c u l t u r a l  p r o d u c t i o n  have been o r g a n i z e d .  A s  a  
r e s u l t ,  normal  l i v i n g  c o n d i t i o n s  have been e n s u r e d  f o r  t h e  popu- 
l a t i o n .  
Branches  o f  count rywide  s p e c i a l i z a t i o n  o f  t h e  Complex now 
a c c o u n t  f o r  89.5 p e r c e n t  o f  i t s  g r o s s  i n d u s t r i a l  o u t p u t .  The Com- 
p l e x  p roduces  3  p e r c e n t  o f  t h e  c o u n t r y ' s  supp ly  o f  e l e c t r i c i t y ;  
7 .3  p e r c e n t  o f  c e l l u l o s e ;  5.9 p e r c e n t  o f  c a r d b o a r d ;  8 .3  p e r c e n t  o f  
i r o n  o r e ,  and 3  p e r c e n t  of  workable  wood f o r  i n d u s t r i a l  p u r p o s e s .  
S p e c i a l i z e d  e n t e r p r i s e s  be long  t o  d i f f e r e n t  depar tments .  
Hydropower s t a t i o n s  come under  t h e  s u p e r v i s i o n  o f  t h e  d i s t r i c t  
e l e c t r i c  power board ,  and i n  t e r m s  o f  t h e i r  o p e r a t i o n s  t h e y  a r e  
s u b o r d i n a t e d  t o  t h e  d i s p a t c h i n g  o f f i c e  o f  t h e  S i b e r i a n  power g r i d .  
Timber p r o d u c t i o n  complexes,  t h e  aluminium p l a n t ,  and t h e  o r e -  
d r e s s i n g  p l a n t  a r e  s u b o r d i n a t e d  t o  t h e  c o r r e s p o n d i n g  depar tments  
o f  t h e  Union m i n i s t r i e s .  Timber procurement  p l a n t s  a r e  combined 
t o  make two i n t e g r a t e d  p l a n t s  t h a t  form a  p a r t  o f  t h e  p r o d u c t i o n  
a s s o c i a t i o n  a c c o u n t a b l e  t o  a  Union m i n i s t r y .  
The l e a d i n g  b u i l d i n g  o r g a n i z a t i o n s  ( i . e . ,  t h e  s p e c i a l i z e d  
d e p a r t m e n t  f o r  t h e  c o n s t r u c t i o n  o f  t h e  B r a t s k  hydropower p r o j e c t ,  
and d e p a r t m e n t s  f o r  t h e  c o n s t r u c t i o n  of  t r a n s p o r t a t i o n  f a c i l i t i e s  
o f  t h e  Angara p r o j e c t )  come under  t h e  j u r i s d i c t i o n  o f  Union min- 
istries.  I n  t u r n ,  t h e s e  b u i l d i n g  o r g a n i z a t i o n s  s u p e r v i s e  t h e  
a c t i v i t i e s  o f  t h e  e n t e r p r i s e s  of  t h e  b u i l d i n g  m a t e r i a l s  i n d u s t r y  
o r g a n i z e d  w i t h i n  t h e  framework o f  t h e  complex. 
E n t e r p r i s e s  o f  t h e  t i m b e r  i n d u s t r y ,  p u b l i c  h e a l t h ,  e d u c a t i o n ,  
c u l t u r e ,  t r a d e ,  and communal o r g a n i z a t i o n s ,  p u b l i c  u t i l i t i e s ,  
s o c i a l  s e r v i c e s ,  and s o c i a l  s e c u r i t y  a g e n c i e s  i n  towns and d i s -  
t r i c t s  a r e  r u n  by t h e  C i t y  and D i s t r i c t  S o v i e t s  and by t h e  c o r -  
r e s p o n d i n g  b o d i e s  under  t h e  Reg iona l  S o v i e t  E x e c u t i v e  Committee.  
T h i s  a l l o w s  t h e  S o v i e t s  t o  e x e r c i s e  d a i l y  c o n t r o l  o v e r  t h e s e  
e n t e r p r i s e s  and o r g a n i z a t i o n s .  
N e v e r t h e l e s s ,  t h e  v a r i o u s  e l e m e n t s  o f  t h e  TPC economy are 
u n i t e d  by t h e  common t e r r i t o r y  and a  common b a s i c  t a s k - - t h a t  o f  
r a i s i n g  t h e  l i v i n g  s t a n d a r d s  o f  t h e  TPC p o p u l a t i o n .  Rules  and 
r e g u l a t i o n s  have  e v o l v e d  t h a t  e n s u r e  t h e  most  e f f e c t i v e  develop-  
ment o f  t h e  TPC economy. 
The September  1965 P l e n a r y  S e s s i o n  o f  t h e  C e n t r a l  Committee 
o f  t h e  CPSU, and t h e  23rd and 2 4 t h  CPSU Congresses  devo ted  con- 
s i d e r a b l e  a t t e n t i o n  t o  t h e  problems o f  improv ing  t h e  economic 
development  o f  t h e  c o u n t r y .  They recommended g r e a t e r  u s e  o f  
economic methods and i n c e n t i v e s  f o r  managing t h e  c o u n t r y ' s  eco- 
nomy, i n c r e a s e d  economic independence  and more i n i t i a t i v e s  f o r  
e n t e r p r i s e s ,  i n c r e a s e d  m a t e r i a l  i n t e r e s t  on t h e  p a r t  o f  t h e  work- 
i n g  p e o p l e  i n  the r e s u l t s  o f  t h e i r  a c t i v i t i e s ,  enhanced r e s p o n s i -  
b i l i t y  f o r  t h e s e  r e s u l t s ,  and an improved s t a t e  p l a n n i n g  sys tem.  
The TPC i s  n o t  a  s t r u c t u r a l  l i n k  i n  t h e  a d m i n i s t r a t i o n  sys tem;  
it i s  an o b j e c t  o f  p l a n n i n g .  The e x p e r i e n c e  o f  t h e  c r e a t i o n  o f  
t h e  BITPC h a s  shown t h a t  t h e  e x i s t i n g  l e g a l  and l e g i s l a t i v e  norms 
make it p o s s i b l e  t o  manage t h e  f o r m a t i o n  o f  t h e  complex. 
The development  of  t h e  economy i n  t h e  Mid-Angara Region was 
p receded  by a  thorough  r e s e a r c h  and p r o j e c t  p l a n n i n g  work which 
made it p o s s i b l e  t o  e v o l v e  a  s t r a t e g y  f o r  d e v e l o p i n g  t h e  u n i q u e  
n a t u r a l  r e s o u r c e s  o f  t h e  Region. The r e s u l t s  o f  r e s e a r c h  a t  t h e  
f i r s t  s t a g e  o f  t h i s  deve lopment  were  summarized i n  two documents 
p r e p a r e d  by t h e  p r o j e c t  p l a n n i n g  o r g a n i z a t i o n s .  The Gidroenergo-  
p r o e k t ,  i n  t h e  e a r l y  1950s,  c r e a t e d  a  p r o j e c t  f o r  d e v e l o p i n g  t h e  
economy i n  t h e  B r a t s k  HPS zone o f  o p e r a t i o n ,  w h i l e  l a t e r  t h e  S t a t e  
I n s t i t u t e  f o r  Town P l a n n i n g  d e s i g n e d  t h e  d i s t r i c t  l a y o u t  o f  t h e  
B r a t s k  power and i n d u s t r i a l  complex [5 ,  p.991. These s e r v e d  a s  
t h e  b a s e s  f o r  a d o p t i n g  t h e  d e c i s i o n  o f  t h e  USSR C o u n c i l  o f  
M i n i s t e r s  on t h e  economic development  o f  t h e  1-lid-Angara Region. 
Most i m p o r t a n t  was t h e  Decree  o f  t h e  USSR C o u n c i l  o f  M i n i s t e r s ,  
o f  September  11 1956, on t h e  o r g a n i z a t i o n  i n  B r a t s k  o f  a  common 
b a s e  f o r  b u i l d i n g  a  HPS, i n d u s t r i a l  e n t e r p r i s e s ,  and c i v i l  e n g i -  
n e e r i n g  p r o j e c t s  i n  t h e  a r e a  o f  t h e  B r a t s k  HPS c o n s t r u c t i o n  s i t e  
[6 ,  pp. 116-1 191. 
Five-year  p l a n s  a r e  t h e  p r i n c i p a l  p l a n n i n g  documents f o r  
d e v e l o p i n g  t h e  complex. They s e t  t h e  t a s k s  f o r  each  y e a r ,  and 
s p e c i f y  t h e  key t a r g e t s  f o r  e a c h  q u a r t e r  p e r i o d .  F ive-year  p l a n  
t a r g e t s  a r e  a d j u s t e d ,  i f  n e c e s s a r y ,  w h i l e  y e a r l y  p l a n s  a r e  ap- 
proved;  t h i s  makes it p o s s i b l e  t o  a c c o u n t  f o r  changes.  Planned 
a s s i g n m e n t s  a r e  s i m i l a r  t o  what is  u s u a l l y  termed d e c i s i o n s  o r  
g u i d i n g  i n f o r m a t i o n .  The p l a n  is  t h e  law f o r  p r o d u c t i o n  i n  t h e  
S o v i e t  economy. 
Invo lved  i n  t h e  p l a n n i n g  p r o c e s s  of t h e  economy o f  t h e  com- 
p l e x  a r e  e n t e r p r i s e s  and i n s t i t u t i o n s  o f  t h e  TPC, d i s t r i c t  and 
town p l a n n i n g  commit tees ,  r e g i o n a l  b o a r d s  and r e g i o n a l  p l a n n i n g  
commit tees ,  union and r e p u b l i c  m i n i s t r i e s  and d e p a r t m e n t s ,  t h e  
Republ ic  P l a n n i n g  Committee, and t h e  USSR S t a t e  P l a n n i n g  Commit- 
t e e .  
R e c e n t l y  t h e  C o u n c i l s  o f  M i n i s t e r s  o f  t h e  USSR and t h e  Coun- 
c i l  o f  M i n i s t e r s  o f  t h e  Russ ian  F e d e r a t i o n  adopted  d e c i s i o n s  ex-  
t e n d i n g  t h e  r i g h t s  and d u t i e s  o f  t h e  l o c a l  p l a n n i n g  and e x e c u t i v e  
b o d i e s  i n  p l a n n i n g  and s u p e r v i s i n g  t h e  a c t i v i t i e s  o f  e n t e r p r i s e s  
n o t  d i r e c t l y  under  t h e i r  j u r i s d i c t i o n .  I n  August 1968 ,  t h e  Coun- 
c i l  o f  M i n i s t e r s  o f  t h e  Russian F e d e r a t i o n  gave t h e  r e g i o n a l  p l a n -  
n i n g  commit tees  t h e  r i g h t  t o  draw up p l a n s  f o r  t h e  economy o f  t h e  
r e g i o n ,  i r r e s p e c t i v e  o f  d e p a r t m e n t a l  s u b o r d i n a t i o n  o f  e n t e r p r i s e s .  
These commit tees  rev iew and c o o r d i n a t e  t h e  f i v e - y e a r  and t h e  an- 
n u a l  p l a n s  o f  a l l  e n t e r p r i s e s  o f  t h e  t e r r i t o r y  under  t h e i r  j u r i s -  
d i c t i o n ;  t h u s  t h e r e  i s  a  more b a l a n c e d  p l a n  f o r  p r o d u c i n g  goods 
and household  u t e n s i l s  and f o r  h o u s i n g ,  and communal c o n s t r u c t i o n  
[ 71 .  
The e n t e r p r i s e s  and o r g a n i z a t i o n s  o f  t h e  t e r r i t o r y  s h a r e  a  
common i n t e r e s t  i n  u s i n g  t h e  manpower r e s o u r c e s ,  l o c a l  a g r i c u l -  
t u r a l  p roduce ,  and t h e  r e s o u r c e s  o f  m u l t i - s e c t o r i a l  impor tance  
( e - g .  e l e c t r i c  and h e a t  energy ,  l o c a l  b u i l d i n g  m a t e r i a l s ) .  Co- 
o r d i n a t i n g  t h e  development o f  t h e  TPC's economy w i t h  t h e  develop-  
ment of  h o u s i n g  and c u l t u r a l  c o n s t r u c t i o n  and t h a t  o f  c u l t u r a l ,  
e d u c a t i o n a l  and p u b l i c  h e a l t h  p r o j e c t s  i s  o f  g r e a t  impor tance .  
The r e g i o n a l  p l a n n i n g  commit tee ,  w i t h  t h e  p a r t i c i p a t i o n  o f  
t h e  c i t y  and d i s t r i c t  p l a n n i n g  and e x e c u t i v e  b o d i e s ,  draws up 
p l a n s  f o r  each o f  t h e  d i s t r i c t s  and towns under  i t s  j u r i s d i c t i o n .  
Adjus tments  a r e  made t o  t h e  p l a n  i n  accordance  w i t h  t h e  a c t u a l  
s i t u a t i o n  i n  t h e  g iven  l o c a l i t i e s .  The common economic i n t e r e s t s  
of n e i g h b o r i n g  d i s t r i c t s  and towns a r e  d u l y  t a k e n  i n t o  a c c o u n t  i n  
d rawing  up t h e  p l a n s .  Thus, i n  t h e  BITPC t h i s  is  c l e a r l y  mani- 
f e s t e d  i n  t h e  p l a n s  f o r  c a p i t a l  c o n s t r u c t i o n .  A s i n g l e  p l a n  is 
drawn up f o r  t h e  b u i l d i n g  o r g a n i z a t i o n  t h a t  i s  charged  w i t h  t h e  
c o n s t r u c t i o n  on t h e  complex, r e g a r d l e s s  o f  t h e  d e p a r t m e n t a l  a f -  
f i l i a t i o n  o f  t h e  customer.  P l a n n i n g  work f o r  r a i l w a y ,  a i r  and 
w a t e r  t r a n s p o r t  i s  done th rough  a p p r o p r i a t e  d e p a r t m e n t s  t h a t  
s e r v e  a l l  e n t e r p r i s e s  o f  t h e  complex. 
A p a r t  from p l a n n i n g  and managing t h e  economy o f  t h e  l o c a l i t y  
w i t h i n  t h e i r  j u r i s d i c t i o n ,  t h e  r e g i o n a l  S o v i e t s  o f  working 
p e o p l e ' s  d e p u t i e s  g i v e  t h e i r  o p i n i o n  on t h e  recommendations o f  
t h e  m i n i s t r i e s  t h a t  d e a l  w i t h  t h e  c r e a t i o n  o r  expans ion  o f  i n -  
d u s t r i e s  w i t h i n  t h e i r  j u r i s d i c t i o n .  Without  t h e  cons en t  o f  t h e  
r e g i o n a l  o r  d i s t r i c t  S o v i e t ,  a  m i n i s t r y  c anno t  s t a r t  c o n s t r u c t i o n ,  
expans ion ,  o r  r e c o n s t r u c t i o n .  T h i s  c o n t r i b u t e s  t o  an e f f e c t i v e  
c o n t r o l  o v e r  t h e  development o f  t h e  complex. C i t y  and d i s t r i c t  
o r g a n i z a t i o n s ,  t o g e t h e r  w i t h  t h e i r  r e g i o n a l  c o u n t e r p a r t ,  a r e  
r e p r e s e n t e d  on t h e  board  of  e x p e r t s  i n  cha r ge  o f  p r o j e c t  exami- 
n a t i o n .  The c i t y  and d i s t r i c t  S o v i e t s  have t h e  r i g h t  t o  make 
f i n a l  d e c i s i o n s  on a  number o f  q u e s t i o n s ;  t h i s  r e s u l t s  i n  b e t t e r  
c o o r d i n a t i o n  of  t h e  economic development o f  i n d i v i d u a l  towns and 
d i s t r i c t s  o f  t h e  r eg ion .  
The r e g i o n a l ,  d i s t r i c t ,  and c i t y  o r g a n i z a t i o n s  devo t e  much 
a t t e n t i o n  t o  c o o r d i n a t i n g  t h e  growing r equ i r emen t s  f o r  manpower, 
and t h e  a v a i l a b i l i t y  o f  such  a s  a  r e s u l t  o f  n a t u r a l  p o p u l a t i o n  
growth,  manpower r e d i s t r i b u t i o n  among v a r i o u s  e n t e r p r i s e s  and 
i n s t i t u t i o n s ,  and o rgan i zed  r e s e t t l e m e n t  from o t h e r  d i s t r i c t s  o f  
t h e  r e g i o n  and t h e  count ry .  P l a n s  f o r  c a p i t a l  c o n s t r u c t i o n  a r e  
c a r e f u l l y  worked o u t  and c o o r d i n a t e d  w i t h  t h e  development p l a n s  
f o r  p roduc t i on  c a p a c i t i e s  o f  l o c a l  b u i l d i n g  o r g a n i z a t i o n s .  The 
p l a n  f o r  deve lop ing  a g r i c u l t u r a l  p r oduc t i on  i s  drawn up s e p a r a t e l y  
i n  e ach  d i s t r i c t  w i t h  a  view t o  s a t i s f y i n g  t h e  p o p u l a t i o n ' s  re- 
qu i r emen t s  f o r  p e r i s h a b l e  and n o n t r a n s f e r a b l e  f o o d s t u f f s .  The 
p l a n s  f o r  c a p i t a l  c o n s t r u c t i o n  and t h o s e  f o r  e d u c a t i o n ,  c u l t u r e  
and p u b l i c  h e a l t h  t a k e  i n t o  a ccoun t  t h e  env i s aged  popu l a t i on  
growth. 
Coord ina ted  p l a n s  f o r  economic development on t h e  l o c a l ,  re- 
p u b l i c  and un ion  l e v e l s  a r e  n o t  enough f o r  t h e  ba lanced  develop-  
ment o f  t h e  TPC. The l o c a l  S o v i e t s  and t h e i r  p l a n n i n g  bod i e s  
a c t i v e l y  i n f l u e n c e  t h e  f u l f i l m e n t  o f  t a r g e t s  by t h o s e  union and 
un i on - r epub l i c  e n t e r p r i s e s  t h a t  produce consumer goods,  l o c a l  
b u i l d i n g  m a t e r i a l s ,  hous ing  and c u l t u r a l  c o n s t r u c t i o n ,  and ser- 
v i c e s .  The l o c a l  S o v i e t s  have no a u t h o r i t y  t o  i n t e r f e r e  i n  t h e  
d a i l y  economic a c t i v i t i e s  o f  o r g a n i z a t i o n s  n o t  under  t h e i r  j u r i s -  
d i c t i o n ,  o r  t o  g i v e  o r d e r s  r e g a r d i n g  o u t l a y s  f o r  v a r i o u s  purposes ;  
t hey  can ,  however, d i s c u s s  r e p o r t s  by heads o f  t h e s e  e n t e r p r i s e s ,  
check ing  t h a t  t h e  l a t t e r  h a s  complied w i t h  e x i s t i n g  l e g i s l a t i o n .  
I n  accordance  w i t h  t h e  e x i s t i n g  l e g i s l a t i o n ,  t h e  l o c a l  
S o v i e t s  sponso r  t h e  j o i n t  u s e  of  means a l l o c a t e d  t o  a l l  e n t e r -  
p r i s e s ,  i n s t i t u t i o n s ,  and o r g a n i z a t i o n s  of t h e i r  t e r r i t o r y  f o r  
o r g a n i z i n g  p u b l i c  s e r v i c e s  and implementing s o c i a l  and c u l t u r a l  
measures  i n  t h e  popu l a t ed  c e n t e r s .  The Br a t s k  C i t y  S o v i e t  ha s  
set  up an urban c o n s t r u c t i o n  d i r e c t o r a t e  i n  cha r ge  o f  b u i l d i n g  
munic ipa l  economy p r o j e c t s .  
The d i s t r i c t  and c i t y  S o v i e t s  h o l d  annua l  s e s s i o n s  a t  which 
t hey  d i s c u s s  and approve economic development p l a n s  and t h e  bud- 
g e t .  The budge t  t a k e s  i n t o  account  t h e  economic a c t i v i t i e s  o f  
a l l  e n t e r p r i s e s  l o c a t e d  on t h e  g iven  t e r r i t o r y .  The l o c a l  S o v i e t s  
a r e  i n t e r e s t e d  i n  i n c r e a s i n g  t h e  p r o f i t a b i l i t y  o f  a l l  e n t e r p r i s e s  
s i n c e  t h i s  h a s  a  d i r e c t  e f f e c t  on t h e  budge t .  
The o r g a n i z a t i o n a l  l i n k s  between t h e  l o c a l  S o v i e t s  and t h e  
o r g a n i z a t i o n s  o u t s i d e  t h e i r  j u r i s d i c t i o n  a r e  c o n s t a n t l y  p e r f e c t e d .  
C u r r e n t l y ,  e l e c t i n g  l o c a l  S o v i e t s  a s  heads  o f  t h e  l e a d i n g  e n t e r -  
p r i s e s  and o r g a n i z a t i o n s  n o t  w i t h i n  t h e i r  j u r i s d i c t i o n  i s  p r a c -  
t i s e d  on a  wide s c a l e ,  f o r  example ,  i n  B r a t s k .  T h e i r  a c t i v e  p a r -  
t i c i p a t i o n  i n  t h e  work o f  t h e  c i t y  S o v i e t  e n s u r e s  t h e  s u c c e s s f u l  
f u l f i l m e n t  o f  t h e  comprehensive p l a n  o f  u rban  development  and a  
f u l l e r  s a t i s f a c t i o n  o f  t h e  everyday  needs  o f  t h e  p o p u l a t i o n .  The 
r e s p o n s i b i l i t y  o f  economic managers f o r  f u l f i l i n g  t h e  S o v i e t s '  
d e c i s i o n s  i s  i n c r e a s e d  owing t o  t h e i r  a c c o u n t a b i l i t y  t o  t h e i r  
e l e c t o r a t e .  
One form o f  l o c a l  S o v i e t  i n f l u e n c e  on o r g a n i z a t i o n s  n o t  sub- 
o r d i n a t e d  t o  it  i s  t h e  examina t ion  o f  t h e  o r g a n i z a t i o n ' s  a c t i v i -  
t i e s  by d e p u t y  commissions.  These commissions e n l i s t  t h e  h e l p  
cf r e p r e s e n t a t i v e s  o f  t h e  o r g a n i z a t i o n  concerned  w i t h  a d o p t i n g  
recommendations and check ing  t h e i r  i m p l e m e n t a t i o n .  J o i n t  d e c i -  
s i o n s  a r e  made by t h e  l o c a l  S o v i e t s  and t h e  h e a d s  o f  o r g a n i z a t i o n s  
o u t s i d e  t h e  S o v i e t s '  j u r i s d i c t i o n  on such  m a t t e r s  a s  t h e  o r g a n i -  
z a t i o n ' s  p a r t i c i p a t i o n  i n  t h e  development  o f  m u n i c i p a l  economy, 
and h o u s i n g  c o n s t r u c t i o n .  
The l o c a l  S o v i e t s  have b r o a d  r e s p o n s i b i l i t y  f o r  s u p e r v i s i n g  
t h e  u s e  o f  l a n d ,  f o r e s t s  and w a t e r  r e s o u r c e s ,  and on e n v i r o n m e n t a l  
m a t t e r s .  T h e i r  r o l e  i n  t h e s e  m a t t e r s  h a s  i n c r e a s e d  r e c e n t l y ,  f o l -  
lowing  t h e  a d o p t i o n  o f  new l e g i s l a t i o n .  
Communist P a r t y  b o d i e s  have p l a y e d  an i m p o r t a n t  r o l e  i n  s o l v -  
i n g  q u e s t i o n s  p e r t a i n i n g  t o  t h e  p l a n n i n g  and management o f  t h e  
BITPC. The CPSU g u i d e s  t h e  c r e a t i v e  a c t i v i t i e s  o f  t h e  S o v i e t  
p e o p l e  and works o u t  t h e  s c i e n t i f i c a l l y - b a s e d  d o m e s t i c  and f o r -  
e i g n  p o l i c y  o f  t h e  S o v i e t  s t a t e .  I t  c o o r d i n a t e s  and g u i d e s  t h e  
work o f  a l l  s t a t e  and p u b l i c  b o d i e s .  The p a r t y  i s  o r g a n i z e d  on 
a  t e r r i t o r i a l - p r o d u c t i o n  p r i n c i p l e :  l o c a l  p a r t y  o r g a n i z a t i o n s  
a r e  c r e a t e d  a t  p l a c e s  o f  work where t h e  Communists a r e  u n i t e d  i n  
d i s t r i c t ,  c i t y  and o t h e r  t e r r i t o r i a l  o r g a n i z a t i o n s .  They imple- 
ment t h e  p a r t y  p o l i c y  i n  a l l  f i e l d s ,  i n c l u d i n g  t h e  economic s p h e r e ,  
w i t h i n  t h e i r  t e r r i t o r i a l  l i m i t s .  
From t h e  b e g i n n i n g  o f  t h e  i n d u s t r i a l  development  o f  t h e  n a t -  
u r a l  r e s o u r c e s  i n  t h e  Mid-Angara Region, t h e  I r k u t s k  Reg iona l  
Committee o f  t h e  CPSU h a s  p l a y e d  an i m p o r t a n t  r o l e  i n  t h e  develop-  
ment o f  t h e  BITPC. I n  June  1955, t h e  Reg iona l  Committee o f  t h e  
CPSU d e c i d e d  t o  d i s p a t c h  t h e  most a c t i v e  members o f  t h e  Communist 
P a r t y  and t h e  Komsomol f rom i n d u s t r i a l  e n t e r p r i s e s  and c o n s t r u c -  
t i o n  p r o j e c t s  i n  t h e  Region t o  work on t h e  c o n s t r u c t i o n  s i t e  o f  
t h e  B r a t s k  HPS [ 6 ,  p .581.  T h i s  s t r e n g t h e n e d  t h e  p r o j e c t ' s  p a r t y  
o r g a n i z a t i o n  and s t i m u l a t e d  it t o  more a c t i v e l y  p a r t i c i p a t e  i n  
s o l v i n g  q u e s t i o n s  o f  p r o d u c t i o n  and d a i l y  l i v i n g .  I n  t h e  i n i t i a l  
p e r i o d  o f  c o n s t r u c t i o n ,  t h e  Reg iona l  Committee a s s i s t e d  i n  improv- 
i n g  t h e  l i v i n g  c o n d i t i o n s  o f  t h e  workers  and i n  a c c e l e r a t i n g  t h e  
c o n s t r u c t i o n  o f  t h e  e l e c t r i c  power t r a n s m i s s i o n  l i n e  between 
I r k u t s k  and B r a t s k .  L a t e r ,  t h e  Reg iona l  Committee made d e c i s i o n s  
aimed a t  f u l f i l i n g  t h e  p l a n  f o r  t h e  o r g a n i z a t i o n  o f  t h e  complex 
[6 ,  pp.83-84, 102-1051. 
The Bra t sk  c i t y  and d i s t r i c t  commit tees ,  and t h e  Ust-I l imsk 
and Nizhne-Ilimsk d i s t r i c t  p a r t y  commit tees ,  t h e  p a r t y  commit tees  
and o r g a n i z a t i o n s  a t  t h e  e n t e r p r i s e s  and c o n s t r u c t i o n  sites devo t e  
much a t t e n t i o n  t o  t h e  o v e r a l l  development o f  t h e  BITPC. The 
workers  a r e  encouraged t o  s u c c e s s f u l l y  f u l f i l  t h e  p l a n  t a r g e t s ,  
and p a r t y  o r g a n i z a t i o n s  r e q u i r e  t h a t  economic managers do  a l l  
t h e y  can t o  meet p l a n  t a r g e t s .  
I n  t h e  d i s c u s s i o n  of t h e  BITPC, one s hou ld  mention t h e  r o l e  
o f  t h e  s p e c i a l i z e d  depar tment ,  B r a t s k g e s s t r o i ,  i n  t h e  b u i l d i n g  and 
f u n c t i o n i n g  of t h e  complex. 
The B r a t s k g e s s t r o i  was formed a s  an a s s o c i a t i o n  of  e n t e r -  
p r i s e s .  I nc luded  i n  B r a t s k g e s s t r o i  a r e  g e n e r a l  and s p e c i a l i z e d  
c o n s t r u c t i o n  u n i t s ,  p l a n t s  f o r  p roduc ing  l o c a l  b u i l d i n g  m a t e r i a l s ,  
r e p a i r  shops  f o r  b u i l d i n g  and t r a n s p o r t  machinery,  f a c t o r i e s  pro-  
duc i n g  s p e c i a l i z e d  equipment ,  f i t t i n g s ,  and goods nece s s a r y  f o r  
c o n s t r u c t i o n .  I t  o r g a n i z e s  and s u p e r v i s e s  t h e  a c t i v i t i e s  o f  t h e  
hous ing  fund ,  h e a t  and power supply  networks,  and t h e  w a t e r  sup- 
p l y  and sewerage systems o f  t h e  complex. The o r g a n i z a t i o n  h a s  
l a r g e  s p e c i a l i z e d  t r a n s p o r t  u n i t s ,  and s u p e r v i s e s  t h e  sys tem f o r  
s u p p l y i n g  food p r o d u c t s  and consumer goods, and o r g a n i z e s  p u b l i c  
c a t e r i n g .  I t  h a s  i t s  own p r o j e c t  p l ann ing  body t h a t  works f o r  
i t s  u n i t s ,  and t h e r e  a r e  c e n t e r s  f o r  v o c a t i o n a l  t r a i n i n g  and i n -  
s e r v i c e  t r a i n i n g  ( F i g u r e  2 ) .  
During t h e  i n i t i a l  s t a g e  o f  t h e  development o f  t h e  Mid-Angara 
Region, most o f  t h e  ab le -bodied  peop l e  i n  t h e  complex worked a t  
t h e  e n t e r p r i s e s  and o t h e r  bod i e s  o f  B r a t s k g e s s t r o i .  C u r r e n t l y ,  
t h i s  number h a s  dropped t o  abou t  one-ha l f .  Even now abou t  t h r e e -  
f o u r t h s  o f  t h e  popu l a t i on  of  t h e  complex a r e  r e c i p i e n t s  o f  t h e  
s e r v i c e s  o f  B r a t s k g e s s t r o i .  
Concen t r a t i ng  t h e  m a t e r i a l ,  f i n a n c i a l  and manpower r e s o u r c e s  
i n  one o r g a n i z a t i o n  h a s  c o n t r i b u t e d  t o  t h e  o p t i m a l  u t i l i z a t i o n  of  
t h e s e  r e s o u r c e s  by t h e  complex. The s ucce s s  o f  B r a t s k g e s s t r o i  i s  
t h e  r e s u l t  o f  s k i l l f u l  d e c i s i o n  making on t h e  p a r t  o f  t h e  o r gan i -  
z a t i o n ' s  l e a d e r s .  
The expe r i ence  of  t h e  BITPC has  shown t h a t  t h e  e x i s t i n g  forms 
o f  management of t h e  complex do n o t  a lways p r ov ide  an o p p o r t u n i t y  
f o r  adop t i ng  e f f e c t i v e  d e c i s i o n s  t i m e l y  and e f f i c i e n t l y .  T h i s  is  
because  t h e  i n t e r e s t s  o f  m i n i s t r i e s  a s  r e p r e s e n t e d  by e n t e r p r i s e s  
w i t h i n  t h e i r  j u r i s d i c t i o n  and t h e  i n t e r e s t s  o f  t h e  t e r r i t o r y  do 
n o t  a lways c o i n c i d e .  
P r i n c i p a l  d i s c u s s i o n  i s  c e n t e r e d  around q u e s t i o n s  o f  p l ann ing  
and managing c a p i t a l  c o n s t r u c t i o n ,  and t h e  c r e a t i o n  and mainte-  
nance of  t h e  i n f r a s t r u c t u r e ,  s i n c e  t h e  e x i s t i n g  economic mechanism 
s t r i c t l y  r e g u l a t e s  t h e  r e l a t i o n s  among o p e r a t i n g  e n t e r p r i s e s .  I f  
adopted  o b l i g a t i o n s  a r e  v i o l a t e d ,  t h e  l o s s e s  i n c u r r e d  s hou ld  be  
compensated. However, s o  f a r  it h a s  n o t  been p o s s i b l e  t o  a g r e e  
on t h i s  i s s u e .  
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P a r t s  Depot; 
Housing and Munic ipa l  
S e r v i c e s ;  
M i n i s t r y  o f  Power Engineer-  
i n g  and E l e c t r i f i c a t i o n ;  
M i n i s t r y  o f  C o n s t r u c t i o n  
and E r e c t i o n ;  
O t h e r  M i n i s t r i e s  and  
Departments ;  
A u x i l i a r y  and O t h e r  
S e r v i c e s  ; 
S u b c o n t r a c t i n g  Organiza-  
t i o n s ;  
D r a f t i n g  Body; 
T r a i n i n g  C e n t e r s ;  
Department  o f  Workers '  
Suppfy; 
Computing C e n t e r ;  
R e c r e a t i o n  C e n t e r s ;  
S p e c i a l i z e d  Department 
B r a t s k g e s s t r o i ;  
G e n e r a l  C o n t r a c t i n g  
O r g a n i z a t i o n s ;  
S p e c i a l i z e d  O r g a n i z a t i o n s ;  
I n d u s t r i a l  E n t e r p r i s e s  ; 
Ust - I l imsk  Hydropower 
S t a t i o n ;  
Ust-I l imsk Timber Produc- 
t i o n  Complex; 
U s t - I l i m s k ;  
Timber Procurement  C e n t e r  
o f  Us t - I l imsk  Timber 
P r o d u c t i o n  Complex; 
Korshunovo O r e  D r e s s i n g  
P l a n t ;  
B r a t s k ;  
B r a t s k  Aluminium Works; 
B r a t s k  Timber P r o d u c t i o n  
Complex; 
I n d u s t r i a l  and A g r i c u l t u r a l  
E n t e r p r i s e s ;  
Power L i n e s  and S u b s t a t i o n s ;  
C a p i t a l  R e p a i r s ;  
Road C o n s t r u c t i o n ;  
E x c a v a t i o n  and T r a c t o r  
Work; 
S a n i t a r y  E n g i n e e r i n g  and 
Assembly Work; 
Mechaniza t ion  o f  Cons t ruc-  
t i o n ;  
I n t e g r a t e d  P l a n t  
Zhe lezobe ton ;  
Timber I n d u s t r y  Depart -  
ments ; 
Mechanical  R e p a i r  Works ; 
Motor V e h i c l e  R e p a i r  Works; 
S a n i t a r y  E n g i n e e r i n g  P l a n t ;  
C o n s t r u c t i o n  and E r e c t i o n  
D i v i s i o n s ;  
Communications; 
Smal l -Sca le  Mechaniza t ion .  
Based on  t h e  e x p e r i e n c e  o f  t h e  BITPC, we deem it n e c e s s a r y  
t o  s e t  up a  body f o r  managing t h e  complex which would b e  respon-  
s i b l e  f o r  s o l v i n g  q u e s t i o n s  p e r t a i n i n g  t o  c a p i t a l  c o n s t r u c t i o n  
and  t h e  f o r m a t i o n  o f  t h e  i n f r a s t r u c t u r e .  The s u c c e s s  of  t h e  
development  depends  l a r g e l y  on t h e  s u c c e s s  o f  t h e  c o n s t r u c t i o n  
a c t i v i t i e s  and on t h e  development  o f  t h e  i n f r a s t r u c t u r e .  F i r s t ,  
it i s  n e c e s s a r y  t o  o r g a n i z e  a  body f o r  managing t h e  TPC; t h i s  
body s h o u l d  have r i g h t s  s i m i l a r  t o  t h o s e  o f  t h e  d e p a r t m e n t s  o f  
t h e  Regiona l  E x e c u t i v e  Committee ( e . g . ,  t h e  head s h o u l d  have t h e  
powers of  Deputy Chairman o f  t h e  Regiona l  E x e c u t i v e  Commit tee) .  
T h i s  body s h o u l d  be set  up i n  t h e  l a r g e s t  i n d u s t r i a l  c e n t e r  o f  
t h e  complex--Bratsk [ E l .  
The P l a n n i n g  Committee o f  t h e  TPC s h o u l d  have t h e  r i g h t  t o  
a p p l y  d i r e c t l y  t o  t h e  S t a t e  P l a n n i n g  Committee and t o  t h e  S t a t e  
P l a n n i n g  Committee o f  t h e  Russ ian  F e d e r a t i o n  t o  s o l v e  v a r i o u s  
problems r e l a t e d  t o  t h e  development o f  b ranches  o f  countrywide 
s p e c i a l i z a t i o n .  
The f i n a n c i n g  of t h e  TPC s h o u l d  b e  f rom one s o u r c e  on t h e  
b a s i s  o f  t h e  TPC p r o j e c t  approved by t h e  Government. T h i s  i s  
an e s s e n t i a l  c o n d i t i o n  inasmuch a s  t h e  implementa t ion  o f  t h e  
p r o j e c t  r e q u i r e s  c o n s i d e r a b l e  a l l o c a t i o n s ,  and a l s o ,  t h e  i n t e r -  
ests o f  s e v e r a l  m i n i s t r i e s  a r e  invo lved .  A s  f o r  c o n s t r u c t i o n  
which w i l l  r e q u i r e  s t a t e  bank c r e d i t s  and t h e  u s e  o f  accumulated 
f u n d s ,  it s h o u l d  be a g r e e d  upon w i t h  t h e  managing body s i n c e  
b u i l d i n g  o r g a n i z a t i o n s  w i l l  be w i t h i n  i t s  j u r i s d i c t i o n .  
A s  t o  fund a l l o c a t i o n s  f o r  t h e  c r e a t i o n  o f  t h e  TPC, t h e  TPC 
management body should  be i n  c o n t a c t  w i t h  t h e  S t a t e  P l a n n i n g  
Committee and n o t  w i t h  i n d i v i d u a l  m i n i s t r i e s .  
When an e n t e r p r i s e  i s  commissioned, c o s t  a c c o u n t i n g  r e l a -  
t i o n s  should  be e s t a b l i s h e d  between t h e  e n t e r p r i s e  and t h e  TPC 
management body. E n t e r p r i s e s  s h o u l d  c o v e r  t h e  e x p e n s e s  f o r  
m a i n t a i n i n g  t h e  i n f r a s t r u c t u r e .  I f  an e n t e r p r i s e  i n t e n d s  t o  
c a r r y  on r e c o n s t r u c t i o n  work t h a t  w i l l  r e s u l t  i n  an  i n c r e a s e  i n  
p r o d u c t s  o r  s e r v i c e s  r e c e i v e d  from t h e  i n f r a s t r u c t u r e  o f  t h e  TPC 
a s  w e l l  a s  i n  t h e  number o f  workers ,  it s h o u l d  t u r n  o v e r  t h e  
n e c e s s a r y  c a p i t a l  i n v e s t m e n t s  t o  t h e  TPC management body b e f o r e  
r e c o n s t r u c t i o n  b e g i n s .  Payment f o r  t h e  c r e a t i o n  and e x p l o i t a t i o n  
of t h e  i n d u s t r i a l  i n f r a s t r u c t u r e  s h o u l d  be f i x e d  on t h e  b a s i s  o f  
t h e  norms o f  consumption o f  i t s  p r o d u c t s  and s e r v i c e s .  A s  f o r  
t h e  s o c i a l  i n f r a s t r u c t u r e ,  t h e  d e g r e e  o f  p a r t i c i p a t i o n  o f  v a r i o u s  
e n t e r p r i s e s  i n  i t s  c r e a t i o n  s h o u l d  be d i f f e r e n t i a t e d  depending  
on t h e  number and c a t e g o r y  ( f i r s t ,  second and t h i r d  members o f  
t h e  f a m i l y )  o f  t h e  working p e o p l e .  
T e s t i n g  t h e s e  p r o p o s a l s  w i l l  make it p o s s i b l e  t o  improve t h e  
management sys tem o f  t h e  TPCs b e i n g  formed, and t o  r a i s e  t h e  e f -  
f i c i e n c y  of  o p e r a t i o n s .  
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An Organizational Approach to the BITPC 
C. Davies, A. Demb, and R. Espejo 
INTRODUCTION 
This paper discusses the BITPC from an organizational 
perspective. Although all Conference papers are of interest, 
'we have paid particular attention to the paper by Gukov and 
Perevalov,* and to a lesser extent, to those by Gramoteyeva,** 
and by Soloviev and Donchenko.*** We are fully aware of the 
magnitude of the task that the Soviet team must have faced in 
describing this complex system in these short papers. We con- 
gratulate them on the quality of the job they have done. The 
authors have provided us with a sound basis for further dis- 
cussions. 
This presentation describes the central concept of the case 
analyses of organizations of regional development; this is used 
as background for discussions in relation to the BITPC. Since 
time is limited, our discussion cannot reflect either the full 
complexity of the analytic framework or the theoretical founda- 
tions. The details of the analytic framework are presented in 
[ I ] ,  a separate Working Paper whose discussion would be welcome 
at another time. 
We hope to use BITPC as one of five studies of regional 
development carried out in different national settings. These 
cases are Tennessee, Bratsk-Ilimsk, Lublin-Vistula, Guyana 
(Venezuela), and Scotland. The framework we describe will be 
applied cons'istently to each case, and our belief is that by 
providing parallel descriptions of different cases new insights 
into regional development will result. 
Our purpose in studying several cases in parallel differs 
from research that attempts to evaluate organization form in 
*See V. Gukov and N. Perevalov, Management of t h e  BITPC, in 
this volume. 
**See L. Gramoteyeva, Long-Term Planning i n  t h e  USSR and Deci- 
sionmaking i n  t h e  Development o f  t he  BITPC, in this volume. 
***See N. Soloviev and K. Donchenko, The Role o f  Republ ic  and 
Local Planning and Management Bodies i n  t h e  Development o f  
t h e  BITPC, in this volume. 
order to find a "best" solution. We recognize that organiza- 
tional responses reflect the economic and social characteristics 
of the national settings as well as the particularities of the 
specific development programs. Our case study approach focuses 
on the organizational responses within a national setting. By 
constructing parallel analyses of five cases representing dif- 
ferent socio-economic settings, we hope to contribute to an 
understanding of universal factors that may be cperating, and 
of the preconditions that may be, required for the successful 
application of a particular solution. 
CONCEPTUAL BASIS FOR CASE ANALYSIS 
We have posed a definition of regional development which 
is consistent with the aims of our organizational analysis 
(Figure 1 ) .  Such development programs are the result of a 
Definition of Regional Development 
- Political Decision Setting Goals 
- Changes in Regional Activity 
- Changes in Regional Organization 
Figure 1. 
political decision that sets development goals, the achievement 
of which implies a change from the ongoing development process 
in the region. It is the management of this change process 
that provides the logic for our analysis. 
The focus of the analysis is the multiorganization for 
regional development, i.e., the system of organizations dis- 
tinctly involved with the regional program. A major initial 
research task is the delineation of this regional system. 
The analysis traces the changes incurred in the region as 
a result of the policy decision to create an integrated regional 
development scheme. As such it seeks to describe three elements 
in the process of change: 
- The organizations existing in the region prior to the 
development program. We assume that activities are 
ongoing i n  t h e  r e g i o n  and t h a t  t h e r e  a r e  many t y p e s  of 
o r g a n i z a t i o n s  a s s o c i a t e d  w i th  t h e s e  ( F i g u r e  2 ) ;  t h e  
p a r t i c u l a r  c l a s s e s  o f  o r g a n i z a t i o n s  may va ry  g r e a t l y  
between n a t i o n a l  s e t t i n g s .  
- The p roces s  l e a d i n g  t o  t h e  p o l i c y  d e c i s i o n .  
- The change i n  o r g a n i z a t i o n  and a c t i v i t y  i n c u r r e d  a s  a  
r e s u l t  o f  t h e  program (F igu re  3 ) .  
D i r e c t i n g  a t t e n t i o n  t o  t h e  o r g a n i z a t i o n a l  " s o l u t i o n "  t o  t h e  
management of t h e  development scheme, we f i n d  t h a t  it w i l l  per -  
haps i nvo lve  a  new agency and new l i n k a g e s  between r e g i o n a l  orga-  
n i z a t i o n s  and between o u t s i d e  o r g a n i z a t i o n s  ( l a r g e l y  c e n t r a l  gov- 
e rnment ) .  The n a t u r e  of  t h e  f i n a l  o r g a n i z a t i o n  w i l l  a l s o  vary  
accord ing  t o  t h e  n a t i o n a l  s e t t i n g  and t o  t h e  development p l an .  
The i n fo rma t ion  gene ra t ed  i n  t h e  d e s c r i p t i o n  of  t h e  mu l t i -  
o r g a n i z a t i o n  and t h e  t h r e e  e lements  of  t h e  change p roces s  pro- 
v i d e  t h e  b a s i s  f o r  f u r t h e r  a n a l y s i s .  A d e t a i l e d  d e s c r i p t i o n  i s  
p r e s e n t e d  i n  [ I ] .  For ou r  purposes  h e r e  we no t e  on ly  t h a t  t h e  
a n a l y s i s  r e s t s  on t h e  no t ion  of  cons i s t ency .  Cons is tency  a n a l y s i s  
is  aimed a t  e l u c i d a t i n g  t h e  o r g a n i z a t i o n a l  mechanisms c r e a t e d  t o  
s u p p o r t  t h e  r e g i o n a l  program and a t  examining whether  t h e s e  mecha- 
nisms a l l ow  t h e  o r g a n i z a t i o n s  of t h e  r e g i o n a l  system t o  be e f f e c -  
t i v e  i n  t h e i r  management of t h e  r e g i o n a l  development program. 
The a n a l y s i s  i s  completely i n t e r n a l  t o  each p a r t i c u l a r  c a s e .  
DISCUSSION POINTS 
Our d i s c u s s i o n  p o i n t s  have been s e l e c t e d  t o  add t o  ou r  under- 
s t a n d i n g  of t h e  mechanisms suppor t i ng  t h e  c r e a t i o n  and o p e r a t i o n  
of t h e  r e g i o n a l  system of o r g a n i z a t i o n s .  Our f i r s t  p o i n t ,  v i s i -  
b i l i t y ,  i s  d i r e c t e d  t o  h e l p  u s  d e l i n e a t e  t h e  boundar ies  of t h i s  
system; i n t e g r a t i o n ,  c o o r d i n a t i o n ,  and c o n f l i c t  r e s o l u t i o n  d e a l  
w i th  impor t an t  a s p e c t s  of i t s  o p e r a t i o n .  The f i n a l  p o i n t  con- 
s i d e r s  t h e  o r g a n i z a t i o n  Bra t skges s t ro i - -bo th  i t s  e x t e r n a l  l i n k a g e s  
and i n t e r n a l  o p e r a t i o n s .  Th i s ,  t h u s ,  goes beyond t h e  scope of 
t h e  m u l t i o r g a n i z a t i o n a l  approach.  
V i s i b i l i t y  of  t h e  BITPC 
A major concern i n  any development scheme i s  t h a t  t h e  deve l -  
opment concept  should  be a  s i g n i f i c a n t  f o r c e  i n  t h e  r eg ion .  W e  
were i n t e r e s t e d  t o  l e a r n  t h a t  BITPC i s  an o b j e c t  of p l ann ing  r a t h e r  
t h a n  a  s t r u c t u r a l  l i n k  i n  t h e  a d m i n i s t r a t i v e  system. We would 
l i k e  t o  unders tand  b e t t e r  t h e  r e l evance  of t h i s  o b j e c t  of p l ann ing  
t o  t h e  o r g a n i z a t i o n s  o p e r a t i n g  and t h e  people  l i v i n g  on t h e  BITPC 
t e r r i t o r y .  I n  what way i s  t h e i r  behavior  modif ied by t h e  BITPC 
concept?  
A c r i t e r i o n  f o r  t h e  r e l evance  o r  v i s i b i l i t y  of  t h e  develop-  
ment scheme i s  t h e  e x t e n t  t o  which o r g a n i z a t i o n s  o p e r a t i n g  seek  
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Figure 2. Illustration of composition of multiorganization 
(diagram does not refer to the BITPC). 

t o  map t h e  TPC boundar ies  w i t h i n  t h e i r  own o r g a n i z a t i o n a l  s t r u c -  
t u r e d ,  i . e .  t o  c r e a t e  a  l e v e l  o r  o r g a n i z a t i o n  t o  cover  t h e i r  
o p e r a t i o n s  j u s t  i n  t h e  TPC. The c l e a r e s t  and probably most i m -  
p o r t a n t  example of t h i s  i s  i n  t h e  c o n s t r u c t i o n  a r e a  through t h e  
format ion  of  B r a t s k g e s s t r o i .  I n  o t h e r  a r e a s ,  we a r e  l e s s  c l e a r :  
Table  1 g i v e s  our  impress ions  from read ing  t h e  papers .  We would 
l i k e  comments whether t h e  unders tanding  p re sen ted  i n  t h e  Table  
i s  c o r r e c t  and g e n e r a l l y  on how impor tan t  S o v i e t  s c i e n t i s t s  con- 
s i d e r  t h i s  i s s u e  t o  be .  
Table  1 .  Our P r e s e n t  Understanding of  t h e  Organ iza t iona l  
Represen ta t i ons  of Various A c t i v i t i e s  a t  t h e  
TPC Level .  
A c t i v i t y  Bra tsk- I l imsk  
Admin i s t r a t i on  
T r a n s p o r t a t i o n  
Power Supply 
Cons t ruc t ion  
Heavy i n d u s t r y  
L i g h t  i n d u s t r y  
A g r i c u l t u r e  
Environment 
p roduc t ion  
Rec rea t ion  
Research 
No ( ? )  
Yes ( ? )  
No ( ? )  
Yes ( ? )  
No ( ? )  
No ( ? )  
No ( ? )  
I n t e g r a t i o n  of P lans  of  t h e  BITPC A c t i v i t y  
We would expec t  t h a t  t h e  requi rements  f o r  i n t e g r a t i o n . o f  
t h e  p l a n s  of any r e g i o n a l  development scheme go beyond t h o s e  
found i n  t h e  normal opera t ionof  any p lanning  system. From t h e  
d e s c r i p t i o n  of  t h e  p lanning  arrangements  f o r  t h e  BITPC, it i s  
c l e a r  t h a t  t h e  p o t e n t i a l  does e x i s t  t o  ach i eve  i n t e g r a t i o n  f o r  
t h e  complex (F igure  4 ) .  Planning  connect ions  e x i s t  between a l l  
u n i t s  a t  each h o r i z o n t a l  l e v e l ,  and p lanning  connect ions  l i n k  
t h e  d i f f e r e n t  l e v e l s .  The deg ree  of i n t e g r a t i o n  t h a t  can be 
achieved i n  p r a c t i c e ,  however, depends on t h e  c a p a c i t y  of  each 
of t h e  p lanning  l i n k s  t o  c a r r y  informat ion ,  and on t h e  c a p a c i t y  
t o  p roces s  t h a t  i n fo rma t ion  a t  each l e v e l .  Understandably,  it 
had not  proved p o s s i b l e  i n  t h e  Conference papers  t o  p rov ide  t h e  
d e g r e e  of  i n fo rma t ion  t h a t  would a l l o w  a n  a n a l y s i s  of t h i s ,  
a l t hough  one  does  g e t  a  f e e l  f o r  t h e  magnitude of t h e  t a s k :  "To 
work o u t  p l a n s  f o r  t h e  development o f  t h e  economy of t h e  complex 
i s  a  compl ica ted  and l a b o r  consuming p r o c e s s  i n v o l v i n g  many 
u n i t s . . . . " . *  
I n t eg ra t i on  - f u r t he r  information requirements 
- Fu l l e r  descr ip t ion  of  BITPC planning process 
- Information flows along planning connections 
- Planning capaci ty a t  each planning l e v e l  - people 
techniques 
- Role of research  i n s t i t u t e s  i n  support of planning 
Figure 4 
D esp i t e  t h e  obvious  complex i ty ,  we hope t h a t  o u r  f u r t h e r  
d i s c u s s i o n s  a l l ow  u s  t o  unders tand  t h i s  p r o c e s s  i n  some d e t a i l .  
I n  p a r t i c u l a r ,  w e  would l i k e  t o  have a  f u l l e r  d e s c r i p t i o n  of  t h e  
BITPC p l ann ing  p roce s s :  a )  i n f o r ma t ion  f lows  a long  p l ann ing  con- 
n e c t i o n s ,  and b )  t he  p l ann ing  c a p a c i t y  a t  each  p l ann ing  l eve l - -  
peop l e  and t e chn iques .  W e  would a l s o  l i k e  t o  know more abou t  t h e  
r o l e  o f  r e s e a r c h  i n s t i t u t e s  i n  s u p p o r t  o f  p l ann ing ,  and about  how 
t h i s  i s  o rgan i zed .  
C oo rd ina t i on  
I n t e g r a t e d  r e g i o n a l  development w i l l  i n  g e n e r a l  imply a  
h i gh  l e v e l  of c o o r d i n a t i o n  of  ongs ing  a c t i v i t i e s ,  a l t hough  t h e  
p a r t i c u l a r  needs f o r  c o o r d i n a t i o n  w i l l  d i f f e r  f rom p r o j e c t  t o  
p r o j e c t .  I t  i s  c l e a r  i n  t h e  c a s e  of  BITPC t h a t  p a r t i c u l a r  coor-  
d i n a t i o n a l  needs  a r i s e  through t h e  r a p i d  expans ion  of  p r oduc t i on  
and i n f r a s t r u c t u r a l  f a c i l i t i e s .  T h i s  appea r s  t o  have been a n  
i m por t an t  r e a son  f o r  t h e  c r e a t i o n  o f  B r a t s k g e s s t r o i  i n  t h e  e a r l y  
s t a g e s  o f  t h e  program. W e  would l i k e  t o  l e a r n  more abou t  t h e  
r o l e  o f  t h i s  o r g a n i z a t i o n .  
However, o u t s i d e  of  t h e  c o n s t r u c t i o n  a r e a  we see o t h e r  needs 
f o r  c o o r d i n a t i o n  which a r e  n o t  d i s c u s s e d  i n  t h e  pape r s .  W e  ex- 
p e c t  t h a t  t h e  p l a n s  f o r  t h e  complex i n c l u d e  manpower a l l o c a t i o n s  
between a c t i v i t i e s .  I n  t h e  c a s e  t h a t  t h e  e v e n t u a l  manpower 
a v a i l a b i l i t y  i s  less t h a n  t h e  p lanned  l e v e l ,  c l a r i f i c a t i o n  o f  
mechanisms f o r  sho r t - t e rm  r e a l l o c a t i o n s  would be  h e l p f u l .  
*See V. Gukov and N. Pereva lov ,  Management of t h e  BITPC, i n  t h i s  
volume. 
I n  supply ing  e l e c t r i c i t y  t o  t h e  region  t h e r e  may a l s o  be  
needs f o r  coo rd ina t ion ;  i n  t h e  even t  of  a  breakdown of  genera t -  
i n g  c a p a c i t y  dec i s ions  have t o  be  made on whose power demands 
a r e  t o  be  met. W e  would l i k e  t o  know t h e  e x t e n t  t o  which such 
problems occur  and how they a r e  so lved .  
Resolu t ion  of "Conf l i c t  o f  Objec t ives"*  
I n t e g r a t e d  development b r i n g s  toge the r  a c t i v i t i e s  which i n  
o t h e r  s e t t i n g s  may have remained unconnected. Organiza t ions  have 
t o  o p e r a t e  under c o n s t r a i n t s  which may be  p a r t i c u l a r  t o  t h e  de- 
veloped scheme. I n  any s e t t i n g ,  t h e r e f o r e ,  t h e  p o t e n t i a l  f o r  
i nc reased  c o n f l i c t  of  o b j e c t i v e s  may a r i s e .  
I n  t h e  case  of  BITPC we s e e  new p o t e n t i a l  a r e a s  f o r  c o n f l i c t :  
- Between s e c t o r i a l  and r eg iona l  i n t e r e s t s ;  
- Between d i f f e r e n t  s e c t o r s  i n  t h e  process  of  i nc reased  
coord ina t ion ;  and 
- Between d i f f e r e n t  t e r r i t o r i a l - a d m i n i s t r a t i v e  l e v e l s  
which t h e  TPC f a l l s  i n t o  o r  i t s e l f  i nc ludes .  
Seve ra l  mechanisms a r e  suggested o r  impl ied  i n  t h e  Conference 
papers  t o  meet t hese .  They a re :  
- The use  of  t h e  p l an  t o  g i v e  a  l e g a l  exp res s ion  t o  new, 
d e s i r e d  o b j e c t i v e s ,  and behaviors ;  
- New formal r u l e s  o r  procedures f o r  c o n f l i c t  r e s o l u t i o n .  
P a r t i c u l a r l y  apparent  powers of  ve to  by r eg iona l  
execu t ives  over  some s e c t o r i a l  schemes; 
- The power and in f luence  of  B r a t s k g e s s t r o i  a s  a  s i n g l e  
o rgan iza t ion  wholly i d e n t i f i e d  wi th  t h e  TPC; 
- The e l e c t i o n  o f  s e c t o r i a l  managers t o  r e g i o n a l  
committees; 
- P o s i t i v e  i n d i v i d u a l  behaviors  motivated by a  common 
concern of  a l l  elements t o  r a i s e  t h e  l i v i n g  s t anda rds  
of  t h e  popula t ion  o f  t h e  TPC; and new economic mech- 
anisms and incen t ives .  
We would l i k e  some assessment from t h e  S o v i e t  s c i e n t i s t s  on 
t h e  importance of each of t h e s e  mechanisms (and any o t h e r s  w e  have 
missed) i n  t h e  p r a c t i c e  i n  e l i m i n a t i n g  o r  r e s o l v i n g  c o n f l i c t .  
*The term " c o n f l i c t  of  o b j e c t i v e s "  i s  t r a n s l a t e d  from t h e  Russian 
Razreshenie Raznaglas i i .  
Management P r a c t i c e s :  B r a t s k g e s s t r o i  
The c r e a t i o n  of  B r a t s k g e s s t r o i  seems t o  have been a  s i g -  
n i f i c a n t  f a c t o r  i n  t h e  s u c c e s s f u l  development o f  t h e  TPC. Our 
unde r s t and ing  of  t h e  TPC would be  he lped  by a  f u l l e r  a p p r e c i a t i o n  
of  how B r a t s k g e s s t r o i  o p e r a t e s ,  b o t h  i n t e r n a l l y  and i t s  l i n k s  
w i t h  many o f  t h e  o t h e r  u n i t s  i n  t h e  t e r r i t o r y .  
W e  have a l r e a d y  been p rov ided  w i th  a n  o v e r a l l  s t r u c t u r e  o f  
B r a t s k g e s s t r o i .  W e  would l i k e  o u r  f u r t h e r  d i s c u s s i o n s  t o  pro-  
v i d e  a  f u l l e r  d e s c r i p t i o n  of  i t s  i n t e r n a l  c a p a c i t y  f o r  coord ina-  
t i o n  and i n t e g r a t i o n ;  management c o n t r o l  p r a c t i c e s ;  i t s  u s e  of  
models and d i r e c t  s u p p o r t  from s c i e n t i f i c  i n s t i t u t e s ;  and t h e  
t y p e  of  i n p u t s  it r e c e i v e s  from o t h e r  u n i t s  o p e r a t i n g  on t h e  
t e r r i t o r y  o f  t h e  TPC. W e  unders tand  t h a t  t h e r e  a r e  s e v e r a l  d i f -  
f e r e n t  t y p e s  o f  o t h e r  u n i t s .  There  a r e  e n t e r p r i s e s  d i r e c t l y  sub- 
o r d i n a t e d  t o  Union M i n i s t r i e s ,  t o  Republ ic  M i n i s t r i e s  and t o  t h e  
t e r r i t o r i a l  Execu t i ve  Committees. I n  a d d i t i o n ,  t h e r e  a r e  d i f f e r -  
e n t  c o n f i g u r a t i o n  of  u n i t s  above t h e  e n t e r p r i s e  l e v e l .  W e  would 
e x p e c t ,  t h e r e f o r e ,  t h a t  t h e  o b j e c t i v e s  and r e s p o n s i b i l i t i e s  
a s s o c i a t e d  w i t h  each  t ype  w i l l  d i f f e r .  To unde r s t and  t h e  pa r -  
t i c u l a r  ways each  t ype  of  u n i t  l i n k s  w i th  B r a t s k g e s s t r o i ,  we 
shou ld  be  aware of  t h e s e  d i f f e r e n c e s .  
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Implementat ion of a Long-Term Program f o r  t h e  
Development o f  t h e  BITPC 
G.M. F i l s h i n  
The f o l l o w i n g  c r i t e r i a  have been a p p l i e d  i n  t h e  development 
o f  t h e  Bra t sk - I l imsk  T e r r i t o r i a l  Produc t ion  Complex (BITPC): 
- A v a i l a b i l i t y  o f  abundant  n a t u r a l  r e s o u r c e s  on a  
r e l a t i v e l y  r e s t r i c t e d  t e r r i t o r y ,  making it pos- 
s i b l e  t o  j o i n t l y  u s e  some major e l emen t s  o f  t h e  
p r o d u c t i v e  and s o c i a l  i n f r a s t r u c t u r e  (e. g.  , sys tem 
o f  p o p u l a t i o n  s e t t l e m e n t  and t r a n s p o r t  l i n k s ,  com- 
mon i n d u s t r i a l  b a s e  o f  c o n s t r u c t i o n ;  
- Knowledge o f  t h e  t e r r i t o r y  and i t s  n a t u r a l  en- 
dowment t h e r e b y . e n s u r i n g  a  r e l i a b l e  e v a l u a t i o n  o f  
t h e  economic f e a s i b i l i t y  o f  t h e  r e s o u r c e s  and t h e  
expediency  o f  j o i n t  development; 
- A c o n s i d e r a b l e  n a t i o n a l  economic p o t e n t i a l  f o r  
deve lop ing  t h e  n a t u r a l  r e s o u r c e s  o f  t h e  g iven  t e r r i -  
t o r y  and f o r  p r o v i d i n g  t h e  nece s s a r y  m a t e r i a l  and 
human r e s o u r c e s .  
The i d e a  o f  deve lop ing  t h e  most e f f e c t i v e  n a t u r a l  r e s o u r c e s  
a t  t h e  middle  r e aches  of  t h e  Angara River  was advanced back i n  
t h e  e a r l y  1930s, bu t  c o n d i t i o n s  f o r  i t s  r e a l i z a t i o n  were n o t  
p r e s e n t  u n t i l  t h e  end of  t h e  1940s and t h e  beg inn ing  of t h e  1950s. 
The 19 th  Congress o f  t h e  Communist P a r t y  o f  t h e  S o v i e t  Union 
set  f o r t h  d i r e c t i v e s  f o r  t h e  n a t i o n a l  economic development f o r  
t h e  p e r i o d  1951-1955. I n  accordance  w i t h  t h e s e  d i r e c t i v e s ,  t h e  
G i d ro p roek t  I n s t i t u t e ,  j o i n t l y  w i th  o t h e r  RED and p r o j e c t  p lan-  
n i n g  o r g a n i z a t i o n s ,  worked o u t  a  hydropower p r o j e c t  scheme f o r  t h e  
Angara R ive r  t o  be  r e a l i z e d  by 1953. 
The d r a f t  program envisaged  t h e  f o l l owing :  
- Help ing  t h e  coun t ry  meet i t s  growing r equ i r emen t s  
f o r  cheap e l e c t r i c  power and f o r  p r oduc t s  o f  t h e  
chemica l  i n d u s t r y ,  t h e  f e r r o u s  and non f e r r ous  metal-  
l u r g i c a l  i n d u s t r i e s  and t h e  t imbe r  p r o c e s s i n g  and 
mining i n d u s t r i e s ;  
- I n c r e a s i n g  t h e  s o c i a l  p r o d u c t i v i t y  of l a b o r  th rough  
t h e  development o f  unique n a t u r a l  r e s o u r c e s  o f  t h e  
Mid-Angara Regions, based on t h e  use  o f  modern t e ch -  
n o l o g i e s  ; 
- S o l v i n g  s o c i a l  and economic problems connec ted  w i t h  
a t t r a c t i n g  and s e t t l i n g  manpower and t h e  b e s t  p o s s i b l e  
u s e  o f  a v a i l a b l e  l a b o r  r e s o u r c e s ;  and 
- Transforming  t h e  BITPC i n t o  a  p o t e n t i a l  s u p p o r t  b a s e  
f o r  t h e  development o f  new t e r r i t o r i e s  w i t h i n  t h e  zone 
o f  i n f l u e n c e  o f  t h e  p lanned  Baikal-Arnur and t h e  North 
S i b e r i a n  Railways. 
Thus, t h e  aims o f  t h e  d r a f t  r e g i o n a l  program v i r t u a l l y  merged 
w i t h  t h e  major  n a t i o n a l  g o a l s  o f  improving t h e  l i v i n g  s t a n d a r d s  
o f  t h e  S o v i e t  p e o p l e  by r a i s i n g  t h e  s o c i a l  p r o d u c t i v i t y  o f  l a b o r  
on t h e  b a s i s  o f  a c c e l e r a t e d  t e c h n o l o g i c a l  p r o g r e s s  and t h e  e f f i -  
c i e n t  l o c a t i o n  o f  t h e  p r o d u c t i v e  f o r c e s .  
The d r a f t  program o u t l i n e d  t h e  Complex's r e q u i r e m e n t s  f o r  
key r e s o u r c e s  o f  m u l t i s e c t o r i a l  impor tance ,  and  mapped o u t  ways 
f o r  t h e i r  r a t i o n a l  u s e ,  i d e n t i f y i n g  p o s s i b l e  b o t t l e n e c k s  i n  i m -  
p l e m e n t a t i o n .  
D e s p i t e  t h e  t e n t a t i v e  n a t u r e  o f  most e s t i m a t e s ,  i t  was ob- 
v i o u s ,  even a t  t h a t  t i m e ,  t h a t  t h e  manpower s h o r t a g e  and  t h e  
l i m i t e d  p o s s i b i l i t i e s  o f  h a v i n g  a  s u f f i c i e n t l y  b u i l t  up c o n s t r u c -  
t i o n  i n d u s t r y  t o  meet t h e  demands of  t h e  Complex would b e  t h e  
two major  t i m e - l i m i t i n g  f a c t o r s  i n  t h e  program implementa t ion .  
I n  t h i s  c o n n e c t i o n ,  t h e  d r a f t  program e n v i s a g e d  t h e  u s e  of  l a b o r -  
s a v i n g  t e c h n o l o g i e s  and a  h i g h  l e v e l  o f  m e c h a n i z a t i o n ,  t a k i n g  i n t o  
a c c o u n t  s p e c i f i c  r e g i o n a l  f e a t u r e s  w i t h  a  view t o  and a c c e l e r a t i n g  
t h e  development  of  a  power fu l  . b u i l d i n g  o r g a n i z a t i o n  w i t h  t h e  ap- 
p r o p r i a t e  m a t e r i a l  and t e c h n i c a l  b a s e s .  I n  a  s p e c i a l  s e c t i o n  o f  
t h e  d r a f t  program an  a t t e m p t  was made t o  s y n c h r o n i z e  t h e  c o n s t r u c -  
t i o n  work and t h e  commissioning o f  t h e  c a p a c i t i e s  o f  a l l i e d  indus-  
t r ies  and  t o  work o u t  a n  e x p e d i e n t  s c h e d u l e  f o r  c o n c e n t r a t i n g  
m a t e r i a l  and f i n a n c i a l  r e s o u r c e s  on key p r o j e c t s .  
However, some o f  t h e  fundamenta l  a s p e c t s  o f  t h e  program t h a t  
d e f i n e d  t h e  long- range  s t r a t e g y  f o r  t h e  b u i l d i n g  o f  t h e  terri- 
t o r i a l - p r o d u c t i o n  complex were n o t  a t  t h i s  t i m e  e l a b o r a t e d  t h o r -  
oughly  and c o n s i s t e n t l y  enough t o  e n s u r e  t h e i r  p r a c t i c a l  r e a l i z a -  
t i o n .  The p r o b a b i l i s t i c  approach,  which we b e l i e v e  i s  t y p i c a l  o f  
such  comprehensive r e g i o n a l  programs based  l a r g e l y  on s t o c h a s t i c  
r e g u l a r i t i e s ,  was compounded i n  t h i s  c a s e  by t h e  v a r y i n g  p r o j e c t  
p l a n n i n g  s t a n d a r d s  f o r  v a r i o u s  i n d u s t r i e s .  
P l a n s  f o r  hydropower c o n s t r u c t i o n  were more t h o r o u g h l y  e l a b -  
o r a t e d ,  and t h e  p r i o r i t y  a s s i g n e d  t o  hydropower e n g i n e e r i n g  schemes 
was d i s t i n c t l y  m a n i f e s t e d  i n  t h e  d r a f t  documents and i n  t h e  b u i l d -  
i n g  of  t h e  Complex. Because o f  t h e  r a p i d  p r o g r e s s  i n  t h e  con- 
s t r u c t i o n  scheme, it was n o t  a lways p o s s i b l e ,  a t  t h e  i n i t i a l  s t a g e  
of  t h e  program implementa t ion ,  t o  e n s u r e  t h a t  t h e  r e s o u r c e ,  s o c i a l ,  
and i n v e s t m e n t  b l o c k s  be p r o p e r l y  ba lanced .  However, t h e  e x p e r i -  
e n c e  g a i n e d  i n  b u i l d i n g  t h e  BITPC and  i n  implement ing t h e  l a r g e -  
s c a l e  i n v e s t m e n t  program h a s  d e f i n i t e  m e r i t .  
I n  a  r e l a t i v e l y  s h o r t  p e r i od  o f  t i m e  (less than  20 y e a r s )  
and on a  p r a c t i c a l l y  u n s e t t l e d  t e r r i t o r y ,  c a p a c i t i e s  have been 
c r e a t e d  f o r  p roduc ing  l a r g e  q u a n t i t i e s  o f  cheap e l e c t r i c  power, 
c e l l u l o s e ,  h igh -qua l i t y  aluminium, i r on - o r e  c o n c e n t r a t e s ,  e t c .  
The l a b o r  p r o d u c t i v i t y  p e r  i n d u s t r i a l  worker o f  t h e  DITPC i s  2.5 
t i m e s  h i g h e r  t h a n  t h e  co r r e spond ing  n a t i o n a l  average ,  and many 
t e c h n i c a l  schemes p ionee red  h e r e  a r e  b e i n g  s u c c e s s f u l l y  i n t r o -  
duced a t  e n t e r p r i s e s  and c o n s t r u c t i o n  sites i n  o t h e r  r e g i o n s  of  
t h e  count ry .  While i n  o p e r a t i o n ,  t h e  Br a t s k  hydropower s t a t i o n  
(HPS) has  gene ra t ed  about  250 x l o 9  kwh o f  e l e c t r i c i t y ,  s a v i n g  
more t h a n  2  x lo9  roub l e s ,  owing t o  c o s t  d i f f e r e n t i a l s  a l o n e .  
Over t h i s  twenty  y e a r  p e r i o d  new towns have been b u i l t  on t h e  
t e r r i t o r y  o f  t h e  Complex; t h e r e  i s  a  developed s o c i a l  i n f r a s t r u c -  
t u r e  and t h e  p o p u l a t i o n  exceeds  300,000. The b u i l d i n g  o r gan i za -  
t i o n s  o f  t h e  Complex a r e  c apab l e  o f  p u t t i n g  t o  u s e  about  400 mi l -  
l i o n  r o u b l e s ,  which i s  e q u a l  t o  t h e  annua l  c a p a c i t y  o f  f o u r  t o  
f i v e  medium-sized i n d u s t r i a l  e n t e r p r i s e s .  
The economic p o t e n t i a l  c r e a t e d  i n  t h e  Mid-Angara Region sub- 
s t a n t i a l  i n f l u e n c e s  t h e  r a t e  and scope  of  development o f  nearby 
t e r r i t o r i e s ,  and t h i s  i n f l u e n c e  w i l l  i n c r e a s e .  Thus, t h e  g o a l s  
o f  t h e  f i r s t  s t a g e  i n  t h e  r e a l i z a t i o n  of  t h e  comprehensive pro-  
gram have been ach ieved .  
Of g r e a t  s c i e n t i f i c  and p r a c t i c a l  i n t e r e s t  a r e  t h e  ways t h e s e  
g o a l s  have been ach ieved  and,  i n  p a r t i c u l a r ,  t h e  t e n d e n c i e s  and 
p r i n c i p l e s  of t h e  r e a l i z a t i o n  of  t h e  c o n s t r u c t i o n  program a s  r e -  
vea l e d  i n  t h e  p roce s s  o f  t h e  Complex format ion .  
Le t  u s  f i r s t  examine t h e  g e n e r a l  p a t t e r n s  i n  t h e  c r e a t i o n  o f  
a  d i s t r i c t  i n d u s t r i a l  c o n s t r u c t i o n  base .  During t h e  1956-1960 
and t h e  1961-1965 f i ve -yea r  p e r i o d s ,  c a p i t a l  inves tments  i n  t h e  
i n d u s t r i a l  c o n s t r u c t i o n  base  averaged  9  p e r c e n t  o f  t h e  t o t a l  
amount o f  c o n s t r u c t i o n  and e r e c t i o n  work c a r r i e d  o u t  a t  t h e  Complex; 
i n  1966-1970, t h e i r  s h a r e  dropped t o  4.5 p e r c e n t ,  and i n  1971- 
1975, it r e ached  t h e  s t a n d a r d  l e v e l  o f  t h e  c o u n t r y ' s  s e t t l e d  
r e g i o n s .  
N a t u r a l l y ,  d u r i n g  t h e  f i r s t  y e a r s  of c o n s t r u c t i o n  c a p i t a l  
i nves tmen t s  i n  t h e  i n d u s t r i a l  base  c o n s i d e r a b l y  exceeded t h e  av- 
e r a g e  i n d i c a t o r s  and i n c r e a s e d ,  i n  a b s o l u t e  terms, two- o r  t h r e e -  
f o l d  annua l l y .  
During t h e  p e r i o d s  1956-1960 and 1961-1965, a s  a  r e s u l t  of  
t h e  r a t e  and scope  of  t h e  format ion  of  t h e  i n d u s t r i a l  cons t r uc -  
t i o n  b a s e ,  many major i n d u s t r i a l  p r o j e c t s  were b u i l t  a t  t h e  
Complex. Th i s  r a t e  of development may be seen  I n  bo th  t h e  d i s -  
t r i b u t i o n  o f  c a p i t a l  i nves tm en t s  among t h e  key p r o j e c t s ,  and t h e  
ave r age  annua l  growth r a t e  i n  t h e  amount o f  work done on c o n t r a c t  
a t  v a r i o u s  p r o j e c t s .  The s h a r e  o f  t h e  Br a t s k  HPS i n  t h e  t o t a l  
amount of  work performed by t h e  B r a t s k g e s s t r o i  i n  t h e  15 y e a r  
p e r i o d ,  1956-1970, reached  3 3  p e r c e n t .  Work on c o n t r u c t i n g  t h e  
B r a t s k  HPS was i n t e n s i v e  i n  1957-1961, when it r e p r e s e n t e d  o v e r  
70 p e r c e n t  o f  a l l  c o n t r a c t  work. The ave r age  annua l  growth r a t e  
o f  c o n t r a c t  work i n  t h a t  f i ve - yea r  p e r i o d  was 32 p e r c e n t .  Once 
t h e  f i r s t  power u n i t s  o f  t h e  B r a t s k  HPS were o p e r a t i o n a l ,  e f f o r t s  
were c o n c e n t r a t e d  on c o n s t r u c t i n g  t h e  B r a t s k  t imbe r  i n d u s t r i a l  
complex. From 1961 t o  1965, t h e  c o n s t r u c t i o n  o f  t h e  complex 
c la imed abou t  30 p e r c e n t  o f  a l l  c o n t r a c t  work, and t h e  ave r age  
annua l  growth r a t e  o f  c o n s t r u c t i o n  and e r e c t i o n  work i n  t h i s  
p e r i o d  was about  34 p e r c e n t .  From 1956, when t h e  f i r s t  s e c t i o n  
of  t h e  B r a t s k  t imbe r  i n d u s t r i a l  complex was o p e r a t i o n a l ,  u n t i l  
t h e  end o f  t h e  e i g h t h  Five-Year P l a n  ( 1  966-1 970) , more t h a n  20 
p e r c e n t  o f  a l l  c o n t r a c t  work went i n t o  t h e  c o n s t r u c t i o n  o f  t h e  
B r a t s k  aluminium works. During t h e  l a s t  y e a r s  o f  t h e  e i g h t h  Five-  
Year P l a n ,  work on c o n s t r u c t i n g  t h e  aluminium p l a n t  accounted  f o r  
o v e r  o n e - t h i r d  of  a l l  t h e  c o n t r a c t  work be ing  c a r r i e d  o u t  by 
B r a t s k g e s s t r o i .  I n  1965-1969, t h e  ave r age  annua l  growth r a t e  
o f  c o n t r a c t  work a t  t h e  aluminium works p r o j e c t  exceeded 40 pe r -  
c e n t .  
One r ea son  f o r  t h e s e  growth r a t e s ,  g iven  t h e  long-range p l a n s  
f o r  implementing bo th  t h e  m u l t i b r anch  program ar.d t h e  r e g i o n a l  
development program, i s  t h e  l e a d i n g  r o l e  p l ayed  by B r a t s k g e s s t r o i ,  
whose main r e s p o n s i b i l i t y  was t o  p r ov ide  f o r  t h e  hydropower con- 
s t r u c t i o n .  Note should  be t a k e n  o f  t h e  very  complex problems 
o f  s imu l t aneous ly  b u i l d i n g  l a r g e  p r o j e c t s  such  a s  t h e  B r a t s k  HPS, 
t h e  t imbe r  i n d u s t r i a l  complex, and t h e  aluminium p l a n t .  A t  t h e  
peak o f  t h e  c o n s t r u c t i o n  e f f o r t ,  t h e r e  was a need f o r  a  b u i l d i n g  
o r g a n i z a t i o n  t h a t  would be a b l e  t o  c a r r y  o u t  c o n s t r u c t i o n  and 
e r e c t i o n  work worth a t  l e a s t  250-300 m i l l i o n  r o u b l e s  a  y e a r .  I n  
a d d i t i o n ,  t h e r e  was t h e  p a r a l l e l  c o n s t r u c t i o n ,  on sites r e l a t i v e l y  
remote from t h e  c e n t r a l  ba s e ,  o f  t h e  Korshunovo o r e - d r e s s i n g  i n -  
t e g r a t e d  p l a n t  ( s i n c e  1958) ,  and t h e  Us t - I l imsk  HPS ( s i n c e  1 9 6 2 ) ,  
a s  w e l l  a s  t h e  c o n s t r u c t i o n  o f  t h e  towns o f  B r a t s k ,  Us t - I l imsk ,  
Zheleznogorsk,  e t c .  I t  was t h e r e f o r e  f e l t  t h a t  t h e  a l t e r n a t i v e  
t o  b u i l d i n g  t h e  main p r o j e c t s  c o n s e c u t i v e l y  was t o  c r e a t e ,  a t  
l e a s t  toward t h e  end o f  t h e  1956-1960 p e r i o d ,  a  m a t e r i a l  and t e ch -  
n i c a l  c o n s t r u c t i o n  base  t h a t  would i n c r e a s e  t h e  o r g a n i z a t i o n ' s  
p o t e n t i a l  t o  annualy per form c o n s t r u c t i o n  and e r e c t i o n  work worth 
a t  l e a s t  350-400 m i l l i o n  r o u b l e s .  The B r a t s k g e s s t r o i  reached  
t h i s  l e v e l  i n  t h e  second decade a f t e r  t h e  c r e a t i o n  of  t h e  t e r r i -  
t o r  i a l - p r o d u c t i o n  complex. 
I t  i s  noteworthy t h a t  d u r i n g  t h e  n i n t h  Five-Year P l an  p e r i o d  
c a p i t a l  i nves tmen t s  and c o n s t r u c t i o n  and e r e c t i o n  work were d i s -  
t r i b u t e d  even ly  among t h e  main p r o j e c t s  be long ing  t o  t h e  v a r i o u s  
s p e c i a l i z e d  branches .  The s h a r e  of t h e  power e n g i n e e r i n g  i n d u s t r y ,  
t h e  t imbe r  i n d u s t r y ,  and t h e  f e r r o u s  and non f e r r ous  m e t a l l u r g i c a l  
i n d u s t r i e s  i n  t h e  t o t a l  amount of c o n s t r u c t i o n  and e r e c t i o n  work 
done a t  t h e  Complex's p r o j e c t s  amounted t o  30, 2 8 ,  and 20 p e r c e n t  
r e s p e c t i v e l y .  The s h a r e  of c o n s t r u c t i o n  and e r e c t i o n  work c a r r i e d  
o u t  a t  n o n i n d u s t r i a l  p r o j e c t s  s t a b i l i z e d ,  and t h e  b u i l d i n g  o r gan i -  
z a t i o n ' s  p o t e n t i a l  i n c r e a s e d .  During t h e  same p e r i o d ,  t h e  f i r s t  
s t a g e  of t h e  Ust-I l imsk HPS became o p e r a t i o n a l  ahead of  schedule ;  
c o n s t r u c t i o n  o f  t h e  second s t a g e  o f  t h e  Br a t s k  t imbe r  i n d u s t r i a l  
complex and of  t h e  aluminium p l a n t  was a l s o  completed. 
Because  o f  t h e  deve lopmen t  l e v e l  o f  t h e  c o n s t r u c t i o n  b a s e  
and  t h e  p o t e n t i a l  o f  t h e  B r a t s k g e s s t r o i ,  it was p o s s i b l e  t o  c a r r y  
o u t  p r e p a r a t o r y  work on t h e  b u i l d i n g  o f  t h e  Boguchansk power 
s t a t i o n ,  t h e  f o u r t h  i n  t h e  Angara  s e r i e s ,  a n d  o t h e r  a c t i v i t i e s  
a s  i n d i c a t e d  above .  
C u r r e n t l y ,  one  o f  t h e  main  t a s k s  o f  t h e  B r a t s k g e s s t r o i  i s  
t o  f u r t h e r  d e v e l o p  t h e  m a t e r i a l  and t e c h n i c a l  c o n s t r u c t i o n  b a s e  
t h r o u g h  t h e  w i d e r  u s e  o f  t h e  mos t  p r o m i s i n g  m a t e r i a l s  and s t r u c -  
t u r e s  ( a lumin ium,  po lymer ,  p lywood,  e t c . ) .  F o r  example ,  s a v i n g s  
o b t a i n e d  by u s i n g  a lumin ium r a t h e r  t h a n  t r a d i t i o n a l  m a t e r i a l s  a t  
t h e  c o n s t r u c t i o n  s i t e s  o f  t h e  TPC and  n e a r b y  a r e a s  a r e  e s t i m a t e d  
a t  a b o u t  3000 r o u b l e s  p e r  t o n  of  a lumin ium.  
I n  t h e  l o n g  t e r m ,  t h e  e x p a n s i o n  and  m o d e r n i z a t i o n  o f  t h e  
m a t e r i a l  and t e c h n i c a l  c o n s t r u c t i o n  b a s e  o f  t h e  BITPC s h o u l d  b e  
more r i g i d l y  l i n k e d  w i t h  t h e  scheme f o r  t h e  f u r t h e r  deve lopmen t  
o f  t h e  i n d u s t r i e s  and  towns  o f  t h e  Complex. The p r o p o s a l s  f o r  
t h e  d r a f t  scheme p r o v i d e  f o r  t h e  comprehens ive  u s e  o f  f o r e s t  
r e s o u r c e s  and  m i n i n g  raw m a t e r i a l s  ( e . g .  d e v e l o p i n g  t h e  Rudnogorsk 
i r o n - o r e  d e p o s i t s ,  t h e  I g i r m a  d e p o s i t s  o f  q u a r t z i t e  s a n d s ,  a n d  
t h e  Zhe ronsk  d e p o s i t s  o f  c o a l ) ,  a n d  t h e  deve lopmen t  o f  t h e  chemi- 
c a l  and  p e t r o c h e m i c a l  i n d u s t r i e s  on t h e  b a s i s  o f  r i c h  d e p o s i t s  
o f  s a l t  and  p o t e n t i a l  r e s e r v e s  o f  h y d r o c a r b o n a c e o u s  raw m a t e r i a l s .  
P r o v i s i o n s  h a v e  a l s o  been  made f o r  making f u l l  u s e  o f  t h e  economic  
p o t e n t i a l  o f  t h e  RITPC t o  d e v e l o p  t h e  a d j a c e n t  t e r r i t o r i e s  b o t h  
t o  t h e  E a s t  a n d  t o  t h e  West o f  t h e  Complex. T h u s ,  t h e  i n c r e a s e  
i n  t h e  economic  p o t e n t i a l  o f  t h e  Complex, i n c l u d i n g  i t s  b u i l d i n g  
p o t e n t i a l ,  i s  a  p o w e r f u l  s t i m u l u s  f o r  t h e  deve lopmen t  o f  new 
n a t u r a l  r e s o u r c e s  on  t h e  t e r r i t o r y  o f  t h e  TPC and  i n  a d j a c e n t  
a r e a s .  
The c r e a t i o n  o f  t h e  B r a t s k - I l i m s k  Complex a s  a  who le  may 
b e  c o n d i t i o n a l l y  d i v i d e d  i n t o  t h r e e  s t a g e s .  The f i r s t  s t a g e  
(1955-1961)  was marked by t h e  c o n c e n t r a t e d  e f f o r t  t o  b u i l d  t h e  
B r a t s k  HPS, t o  expand  t h e  i n d u s t r i a l  c o n s t r u c t i o n  b a s e ,  and  t o  
c r e a t e  e n g i n e e r i n g  communica t ions  and s e t t l e m e n t s .  From 1958 ,  
work was c a r r i e d  o u t  i n  p r e p a r a t i o n  f o r  t h e  c o n s t r u c t i o n  o f  t h e  
B r a t s k  timber complex,  and l a r g e - s c a l e  work b e g a n  on  b u i l d i n g  
t h e  Korshunovo i r o n - o r e  d r e s s i n g  i n t e g r a t e d  p l a n t  and t h e  town 
o f  Z h e l e z n o g o r s k .  
The s e c o n d  s t a g e  (1961-1970) i s  c h a r a c t e r i z e d  by c o n c e n t r a t -  
e d  e f f o r t s  o n  e r e c t i n g  t h e  f i r s t  s e c t i o n s  o f  t h e  B r a t s k  t i m b e r  
i n d u s t r i a l  complex (1961-1965) and o f  t h e  B r a t s k  a lumin ium p l a n t  
(1965-1970) .  S i n c e  1966,  work h a s  p r o c e e d e d  on  c o n s t r u c t i n g  t h e  
t h e  U s t - I l i m s k  HPS. I n  t h e  mid-1960s t h e r e  was a  s h a r p  i n c r e a s e  
i n  t h e  s h a r e  o f  c o n t r a c t u a l  work a s  a  r e s u l t  o f  t h e  c o n s t r u c t i o n  
o f  t h e  town o f  B r a t s k .  I n  1966-1967, t h e  c o n s t r u c t i o n  o f  B r a t s k  
c l a i m e d  more t h a n  o n e - s i x t h  o f  t h e  t o t a l  amount o f  work c a r r i e d  
o u t  a t  t h e  TPC p r o j e c t s .  
The c u r r e n t  p e r i o d  (1971-1975) i s  c h a r a c t e r i z e d  by t h e  r a -  
t i o n a l  c o m b i n a t i o n  o f  t h e  c o n s e c u t i v e  and s i m u l t a n e o u s  
c o n s t r u c t i o n  o f  t h e  Complex 's  key i n d u s t r i a l  p r o j e c t s ,  and by t h e  
a c c e l e r a t e d  f o r m a t i o n  of t h e  s o c i a l  i n f r a s t r u c t u r e  and i n d u s t r i e s  
fo rming  t h e  Complex. 
During t h i s  p e r i o d ,  t h e  techno-economic i n d i c a t o r s  o f  t h e  
deve lopment  o f  i n d u s t r y  and c o n s t r u c t i o n  i n  t h e  TPC have g r e a t l y  
improved. By t h e  end o f  t h e  n i n t h  Five-Year P l a n ,  i n d u s t r i a l  
o u t p u t  h a s  i n c r e a s e d  t e n - f o l d  a s  compared t o  t h a t  i n  1960, w h i l e  
t h e  number o f  i n d u s t r i a l  p e r s o n n e l  h a s  grown o n l y  f o u r - f o l d ;  o u t -  
p u t  p e r  r o u b l e  o f  f i x e d  p r o d u c t i o n  a s s e t s  h a s  grown 3 . 5  t i m e s .  
The b u i l d i n g  i n d u s t r y  y i e l d e d  a  2 0  p e r c e n t  p r o f i t ,  whereas  i n  
1960 many b u i l d i n g  o r g a n i z a t i o n s  were o p e r a t i n g  a t  a  l o s s .  
Al though t h e  s t e p w i s e  b u i l d i n g  o f  t h e  BITPC may b e  viewed 
h i s t o r i c a l l y ,  w e  f e e l  t h a t  some of  t h e  g e n e r a l  p r i n c i p l e s  have  
a  g e n e r a l  m e t h o d o l o g i c a l  and  p r a c t i c a l  impor tance  f o r  t e r r i t o r i a l -  
p r o d u c t i o n  complexes o f  t h i s  t y p e .  I n  p a r t i c u l a r ,  i n  view o f  t h e  
e s t a b l i s h e d  p r a c t i c e  o f  combining s e c t o r i a l  and t e r r i t o r i a l  p l a n -  
n i n g ,  it i s  e x p e d i e n t  t o  c r e a t e  d i s t r i c t  i n d u s t r i a l  c o n s t r u c t i o n  
b a s e s  s i m u l t a n e o u s l y  w i t h  t h e  c o n s t r u c t i o n  o f  one o f  t h e  b a s i c  
p r o j e c t s  o f  t h e  complex. 
The e x p e r i e n c e  o f  b u i l d i n g  t h e  BITPC a l s o  s u g g e s t s  t h a t  a t  
t h e  i n i t i a l  s t a g e  t h e  p o t e n t i a l  o f  t h e  b u i l d i n g  o r g a n i z a t i o n s  
and t h e i r  i n d u s t r i a l  b a s e  s h o u l d  b e  b u i l t  up a t  an a c c e l e r a t e d  
p a c e ,  and  e f f o r t s  s h o u l d  b e  t a k e n  t o  speed  up t h e  f o r m a t i o n  o f  
t h e  s o c i a l  i n f r a s t r u c t u r e  o f  t h e  complex a s  a  whole .  
The main t a s k  o f  t h e  second  s t a g e  i s  t o  s e c u r e  a  r a t i o n a l  
sequence  i n  t h e  b u i l d i n g  o f  i n t e r r e l a t e d  p r o j e c t s  o f  t h e  complex, 
f o r  example  t o  i n c r e a s e  t h e  c a p a c i t y  o f  t h e  HPS and  t o  b u i l d  t h e  
a luminium p l a n t ,  which i s  t h e  main consumer o f  e l e c t r i c i t y .  Op- 
t i m a l l y  i t  i s  i m p o r t a n t  t h a t  t h e r e  be  a  r a t i o n a l  d i s t r i b u t i o n  o f  
e f f o r t s  and  a  c o n c e n t r a t i o n  o f  c a p a c i t i e s ,  r e s o u r c e s  and f u n d s  on 
t h e  most i m p o r t a n t  p r o j e c t s .  
Toward t h e  b e g i n n i n g  o f  t h e  t h i r d  s t a g e ,  c r i t e r i a  w e r e  e s t a b -  
l i s h e d  f o r  s i m u l t a n e o u s l y  b u i l d i n g  t h e  TPC major  p r o j e c t s  i n  t h e i r  
most r a t i o n a l  combina t ion .  I t  was d u r i n g  t h i s  p e r i o d  t h a t  p r a c -  
t i c a l  ways were found f o r  j o i n t l y  and comprehens ive ly  u s i n g  n a t u -  
r a l  r e s o u r c e s  o f  i n t e r s e c t o r i a l  i m p o r t a n c e ,  and f o r  s o l v i n g  c e r -  
t a i n  u r g e n t  s o c i a l  t a s k s .  
A n a l y s i s  h a s  shown t h a t  a  t i m e l y  e l a b o r a t i o n  o f  a  compre- 
h e n s i v e  program e n s u r i n g  t h e  n e c e s s a r y  b a l a n c e  among t h e  r e s o u r c e ,  
s o c i a l ,  and  i n v e s t m e n t  b l o c k s ,  would make it p o s s i b l e  t o  r e d u c e  
c o n s i d e r a b l y  t h e  t i m e  needed f o r  c o n s t r u c t i n g  t h e  complex (espe-  
c i a l l y  d u r i n g  t h e  f i r s t  and second  f o r m a t i o n  s t a g e s ,  and t o  i n -  
c r e a s e  markedly t h e  e f f e c t  o f  t h e  e n t i r e  program on t h e  n a t i o n a l  
economy. 
The e x p e r i e n c e  accumula ted  i n  b u i l d i n g  t h e  BITPC r e v e a l s  
c e r t a i n  f e a t u r e s  common t o  i n v e s t m e n t  programs f o r  t h e  d e v e l o p -  
ment o f  new t e r r i t o r i e s .  These  programs a r e  p a r t  o f  r e g i o n a l  
programs f o r  t h e  long- term development  o f  n a t u r a l  r e s o u r c e s  i n  
t h e  a r e a s  of t h e i r  h i g h e s t  c o n c e n t r a t i o n .  The e x p e r i e n c e  of 
long- term comprehensive r e g i o n a l  p l a n n i n g  f o r  S i b e r i a  h a s  shown 
t h a t  t h e  p i v o t  o f  such  programs i s  a  m u l t i s e c t o r i a l  p r o d u c t i o n  
b l o c k  ( r e s o u r c e  b l o c k )  r e f l e c t i n g  ( t h r o u g h  g e o l o g i c a l ,  s u r v e y i n g  
and  p r o j e c t  p l a n n i n g  m a t e r i a l s )  t h e  c h a r a c t e r  and scope  o f  t h e  
development  o f  t h e  n a t u r a l  r e s o u r c e s  o f  a  g i v e n  t e r r i t o r y  d u r i n g  
t h e  p lanned  p e r i o d .  A s  a  r u l e ,  t h e  u l t i m a t e  o b j e c t i v e  o f  com- 
p r e h e n s i v e  r e g i o n a l  p l a n n i n g  i s  t h e  r a t i o n a l  e x p l o i t a t i o n  o f  
c e r t a i n  c o m b i n a t i o n s  o f  n a t u r a l  r e s o u r c e s .  
A set  o f  p r o p o s a l s  f o r  t h e  p a t t e r n  and s c a l e  o f  t h e  deve lop-  
ment o f  n a t u r a l  r e s o u r c e s  worked o u t  a t  t h e  s e c t o r i a l  l e v e l  forms 
t h e  s t a r t i n g  v a r i a n t  o f  t h e  r e s o u r c e  b l o c k .  A t  t h e  n e x t  s t a g e  o f  
i n v e s t i g a t i o n ,  t h e  aim i s  t o  d e t e r m i n e  t h e  r e q u i r e m e n t s  o f  spe -  
c i a l i z e d  e n t e r p r i s e s  i n  o r d e r  t o  be  a b l e  t o  s u p p l y  t h e  key re- 
s o u r c e s  o f  i n t e r s e c t o r i a l  impor tance  ( l a b o r  r e s o u r c e s ,  c o n s t r u c -  
t i o n  and e r e c t i o n  work, s e t t l e m e n t  and i n d u s t r i a l  t e r r i t o r i e s ,  
t r a n s p o r t  and e n g i n e e r i n g  communicat ions ,  e t c . ) .  A t  t h i s  s t a g e ,  
t h e  t empora l  and s p a t i a l  a s p e c t s  o f  t h e  comprehensive program 
a r e  d e t e r m i n e d  t e n t a t i v e l y ,  and p o t e n t i a l  f o c i  o f  i n t e n s i v e  con- 
s t r u c t i o n  and c e n t e r s  o f  p o p u l a t i o n  s e t t l e m e n t  a r e  i d e n t i f i e d .  
During t h e  f i r s t  development  s t a g e  o f  t h e  r e s o u r c e  b l o c k ,  
c a l c u l a t i o n s  a r e  made o f  t h e  manpower r e q u i r e m e n t s  o f  s p e c i a l i z e d  
b r a n c h e s  and t h e  amount o f  c o n s t r u c t i o n  and e r e c t i o n  work needed 
f o r  t e r r i t o r i a l  and s e c t o r i a l  a s p e c t s ,  by y e a r  o r  by s t a g e  o f  t h e  
p lanned  p e r i o d .  These p r o v i d e  i n f o r m a t i o n  f o r  t h e  fo rmat ion  o f  
t h e  s o c i a l  and i n v e s t m e n t  b l o c k s  o r  subprograms.  
At  t h e  i n i t i a l  development  s t a g e  o f  t h e  s o c i a l  block--a sub-  
program based  on t h e  All-Union s t a n d a r d s  w i t h  d u e  r e g a r d  f o r  
r e s p e c t i v e  s t a q e s  o f  t h e  p lanned  p e r i o d  and t h e  s p e c i f i c  f e a t u r e s  
o f  t h e  r e g i o n - - i n d i c a t o r s  a r e  o b t a i n e d  f o r  t h e  p r o v i s i o n  o f  non- 
p r o d u c t i v e  r e s o u r c e s  f o r  t h e  r e g i o n ' s  p o p u l a t i o n .  Emphasis i s  
on t h e  a d e q u a t e  p r o v i s i o n  of non-mobile o r  i n s u f f i c i e n t l y  mobi le  
r e s o u r c e s ,  i n c l u d i n g  s o c i a l  i n f r a s t r u c t u r e  p r o j e c t s  and p e r i s h -  
a b l e  f o o d s t u f f s  and o t h e r  consumer goods t h a t  a r e  b e s t  produced 
on t h e  s p o t  and i n  a d j a c e n t  a r e a s .  The d a t a  t h u s  o b t a i n e d  make 
it p o s s i b l e  t o  d e t e r m i n e  t h e  manpower r e q u i r e m e n t s  and t h e  pro-  
d u c t i v e  s p h e r e  and b r a n c h e s  s e r v i c i n g  t h e  p o p u l a t i o n .  
A t  t h e  f i n a l  phase  o f  t h e  f i r s t  development  s t a g e  of t h e  
s o c i a l  b l o c k ,  t e n t a t i v e  e s t i m a t e s  a r e  made o f  t h e  g i v e n  r e g i o n ' s  
g e n e r a l  manpower r e q u i r e m e n t s  and t h e  p o p u l a t i o n  growth r a t e  
a c c o r d i n g  t o  t h e  i n i t i a l  v a r i a n t ,  w i t h  due c o n s i d e r a t i o n  f o r  t h e  
f o r e c a s t  f a m i l y  c o e f f i c i e n t s ,  The f o r e c a s t  o f  t h e  s i z e  o f  t h e  
p o p u l a t i o n  and t h e  p lanned  i n d i c a t o r s  o f  t h e  p r o v i s i o n  of non- 
mobi le  r e s o u r c e s  f o r  n o n p r o d u c t i v e  u s e  make it p o s s i b l e  t o  d e t e r -  
mine long- term r e q u i r e m e n t s  o f  t h e  s o c i a l  b l o c k  i n  c o n s t r u c t i o n  
and e r e c t i o n  work by y e a r  o r  by s t a g e  o f  t h e  p lanned  p e r i o d  f o r  
t h e  i n v e s t m e n t  subprogram. 
I n  a d d i t i o n  t o  t h e s e  i n d i c a t o r s ,  d a t a  a r e  c o l l e c t e d  on t h e  
r e s o u r c e  b l o c k ,  and t h e s e  d a t a  r e v e a l ,  a t  a  p r e l i m i n a r y  s t a g e ,  
t h e  g e n e r a l  r e q u i r e m e n t s  o f  t h e  comprehensive program f o r  con- 
s t r u c t i o n  s e r v i c e s  by y e a r  and by p lanned  p e r i o d .  T h i s  informa-  
t i o n  is  needed f o r  t h e  i n v e s t m e n t  b l o c k .  
As a  p o s s i b l e  means f o r  mee t ing  some o f  t h e  r e q u i r e m e n t s  
o f  t h e  comprehensive program f o r  c o n s t r u c t i o n  s e r v i c e s ,  it i s  
i m p o r t a n t  t o  d e t e r m i n e  t h e  c a p a c i t i e s  o f  b u i l d i n g  o r g a n i z a t i o n s  
and i n d u s t r i a l  c o n s t r u c t i o n  b a s e s  l o c a t e d  a t  r e a s o n a b l e  d i s t a n c e s  
w i t h i n  a  l a r g e r  t e r r i t o r i a l  f o r m a t i o n ,  s a y ,  an economic d i s t r i c t .  
I t  i s  t h e n  p o s s i b l e  t o  e s t i m a t e  t h e  n a t u r e  and scope  o f  t h e  de- 
velopment  o f  t h e  d i s t r i c t  ( l o c a l )  m a t e r i a l  and t e c h n i c a l  c o n s t r u c -  
t i o n  b a s e  and t h e  p o t e n t i a l  o f  b u i l d i n g  o r g a n i z a t i o n s  f o r  c a r r y -  
i n g  o u t  t h e  t a s k s  o f  t h e  comprehensive program. 
The f i r s t  s t a g e  o f  p r e p a r a t i o n  o f  t h e  comprehensive program 
is  conc luded  w i t h  t h e  d e t a i l e d  e l a b o r a t i o n  o f  t h e  c o n c e p t  o f  t h e  
program and w i t h  t h e  e s t a b l i s h m e n t  o f  t h e  c r i t e r i a  f o r  e v a l u a t i n g  
t h e  o p t i m a l  u s e  o f  t h e s e  i n t e r s e c t o r i a l  r e s o u r c e s  t h a t  a r e  i n  
s h o r t  s u p p l y .  
Based on t h e  above,  a  s t r a t e g y  i s  e v o l v e d  f o r  r e a c h i n g  t h e  
g o a l s  s e t ,  which i s  t h e n  t a k e n  i n t o  a c c o u n t  i n  d e t e r m i n i n g  t h e  
economic and t e c h n i c a l  p o l i c y  f o r  t h e  l o n g  run  and f o r  t h e  main 
s t a g e s  o f  t h e  medium-term p l a n s  ( t h e  f i v e - y e a r  p l a n s ) .  
A t  t h e  second  s t a g e ,  o p t i m a l  s o l u t i o n s  a r e  s o u g h t  w i t h i n  
e a c h  b l o c k  o r  subprogram. A n a l y s i s  i s  made o f  t h e  r e q u i r e m e n t s  
o f  t h e  comprehensive program and t h e  s u p p l y  ( a c t u a l  and p o t e n t i a l )  
o f  r e s o u r c e s  o f  i n t e r s e c t o r i a l  i m p o r t a n c e ,  w i t h  a  need t o  e n s u r e  
t h a t  t h e  t e c h n i c a l  and economic d e c i s i o n s  made by b ranch  b o d i e s  
a r e  i n  l i n e  w i t h  t h e  b a s i c  p r i n c i p l e s  o f  t h e  s t r a t e g y  evo lved .  
With r e g a r d  t o  t h e  i n v e s t m e n t  b l o c k ,  t h e  s e a r c h  f o r  t h e  
o p t i m a l  v a r i a n t s  f o r  implement ing t h e  c o n s t r u c t i o n  program i s  
conduc ted  i n  two i n t e r c o n n e c t e d  d i r e c t i o n s .  
F i r s t ,  t h e  most r a t i o n a l  p a t t e r n  i s  d e c i d e d  f o r  t h e  l o c a -  
t i o n  of  t h e  c e n t r a l  ( d i s t r i c t )  i n d u s t r i a l  b a s e  and i t s  b r a n c h e s  
i n  r e l a t i o n  t o  t h e  main c e n t e r s  o f  l a r g e - s c a l e  c o n s t r u c t i o n .  At 
t h e  same t i m e ,  p r o p o s a l s  a r e  worked f o r  t h e  j o i n t  u s e  of t h e  main 
b u i l d i n g  o r g a n i z a t i o n s  and t h e i r  mobi le  u n i t s  needed t o  r e l i e v e  
peak l o a d s  i n  remote  a r e a s  w i t h  c o m p a r a t i v e l y  s m a l l  amounts o f  
c o n s t r u c t i o n  and e r e c t i o n  work. 
Secondly ,  r e g i o n a l  f e a t u r e s  a r e  t a k e n  i n t o  a c c o u n t  i n  making 
recommendations o f  a  long- term n a t u r e  c o n c e r n i n g  t h e  c h o i c e  o f  
t h e  most p r o g r e s s i v e  m a t e r i a l  s t r u c t u r e  o f  t h e  i n d u s t r i a l  con- 
s t r u c t i o n  b a s e .  Min imiza t ion  o f  l a b o r  e x p e n d i t u r e s  d i r e c t l y  a t  
t h e  c o n s t r u c t i o n  s i t e  may s e r v e  a s  a  c r i t e r i o n  h e r e .  
C a p i t a l  i n v e s t m e n t s  i n  t h e  p r o d u c t i v e  b a s e  may b e  r e g a r d e d  
a s  r a t i o n a l  when t h e y  a r e  n o  more t h a n  1 0  p e r c e n t  o f  t h e  p lanned  
c o c s t r u c t i o n  and  e r e c t i o n  work i n  t h e  f i r s t  medium-term p e r i o d  
( f i v e - y e a r  p e r i o d ) ,  5 t o  6 p e r c e n t  i n  t h e  n e x t  medium-term p e r i o d ,  
and  r e a c h  t h e  s t a n d a r d  2 . 5  t o  3 p e r c e n t  o v e r  t h e  more d i s t a n t  
p l a n n e d  p e r i o d .  
The r e s u l t s  o b t a i n e d  f o r  t h e  more r e a l i s t i c  v a r i a n t s  o f  i m -  
p l e m e n t i n g  t h e  c o n s t r u c t i o n  p rogram i n  terms o f  t i m e  and t e r r i -  
t o r y  a r e  s u p p l i e d  t o  t h e  r e s o u r c e  and s o c i a l  b l o c k s  f o r  f u r t h e r  
a d j u s t m e n t  and  c o o r d i n a t i o n .  The m u t u a l  a d j u s t m e n t  and s u b s e q u e n t  
c o o r d i n a t i o n  a r e  c a r r i e d  o u t  u n t i l  t h e  c o m p r e h e n s i v e  p rogram i s  
c o m p l e t e l y  b a l a n c e d  o u t ,  a s s u r i n g ,  on t h e  one  h a n d ,  t h e  r e a l i z a -  
t i o n  o f  t h e  u l t i m a t e  g o a l s  o f  t h e  p rogram i n  f i x e d  t i m e - l i m i t s  
a n d ,  o n  t h e  o t h e r  hand ,  r e f l e c t i n g ,  d i r e c t l y  o r  i n d i r e c t l y ,  t h e  
mos t  i m p o r t a n t  r e s u l t s  o f  o p t i m i z a t i o n  w i t h i n  t h e  b l o c k s .  
BIBLIOGRAPHY 
Economic-Geographical Problems of the Formation of Territorial- 
Production Complexes in S i b e r i a  ( 1 9 7 3 ) ,  No. 5 ,  USSR Academy 
o f  S c i e n c e s ,  S i b e r i a n  Depar tmen t  ( i n  R u s s i a n ) .  
Economics and Organization of Industrial Production ( 1 9 7 1 ) ,  
No. 2 ,  USSR Academy o f  S c i e n c e s ,  S i b e r i a n  Depar tmen t  ( i n  
R u s s i a n ) .  
Economics and Organization of Industrial Production ( 1 9 7 5 ) ,  
No. 1 ,  USSR Academy o f  S c i e n c e s ,  S i b e r i a n  Depar tmen t  ( i n  
R u s s i a n ) .  
L o i t e r ,  M . N .  ( 1 9 7 4 ) ,  Natural Resources and the Effectiveness of 
Capital Investments, Nauka,  Moscow ( i n  R u s s i a n ) .  
Long-Term Programs of Capital Investment ( 1 9 7 4 ) ,  Ekonomika,  
Moscow ( i n  R u s s i a n ) .  

Planning and Management of the Investment 
And Construction Process 
K.H. Schaffir 
This paper seeks to establish a framework for discussing 
the management of investment and construction activities of the 
Bratsk-Ilimsk Territorial Production Complex. 
Construction of facilities for power, transport, industrial 
production, habitation, and the provision of supporting services 
are major vehicles for regional development since they are the 
bases for employment and upgraded living standards. Where the 
supply of labor is a limiting factor (as was the case at the 
BITPC), construction activities must be well managed so as to 
achieve high output levels with a limited manpower input. 
The management of the construction process requires critical 
decisions on allocation of the human, physical, and financial 
resources from outside the region, and on the disposition of 
transportable commodities and products available as a result of 
investment in the region. 
SYSTEMS APPROACH 
As systems scientists, we are concerned not only with what 
has been accomplished, but also with how, i.e., with the methods 
for selecting goals, formulating plans, organizing work, and 
dealing with uncertainties. The accomplishments of the BITPC 
are impressive in scope: the magnitude of the construction 
activity at its peak was about 300 to 400 million rubles (about 
half a billion US dollars) per year, and the major objectives 
were successfully realized. The intent here is not to question 
what was done. Rather we hope to derive some useful concepts 
or approaches that will benefit other comparable efforts now in 
process or to be undertaken in other regions. It is assumed 
that good results can be made better and poor results avoided 
by the systematic application of proper methods derived from an 
analysis of experience. We cannot in the space available explore 
these methods. We therefore will focus on a few aspects. 
ORGANIZATIONAL ASPECTS OF REGIONAL DEVELOPMENT 
Although this subject will be dealt with elsewhere in these 
Proceedings, some relevant points as to the investment area will 
be covered here. 
A fundamental problem is the multiplicity of relationships 
of design and construction organizations, and other participating 
parties who may have different aims. These other participants 
may be broadly grouped into two categories. First, there are 
those who are external to the region but who play a major role 
in providing overall direction and resources. This group in- 
cludes the national government and its ministries or departments, 
and, in a western environment such as the Tennessee Valley Author- 
ity, the financial interests in the private sector, regulatory 
agencies, special interest groups, etc. The second group in- 
cludes those local, internal organizations who must participate 
in the development effort, contribute their resources and even- 
tually interact with the new organizations and facilities. 
The multiplicity of relationships is further complicated 
because design and construction activities involve both external 
and internal organizations. We are dealing with a multiorgani- 
zation whose elements are interlinked by social, technical, and 
legal obligations, but whose individual objectives are different 
and often conflicting, particularly as regards the allocation of 
resources or benefits. These differences can sometimes be rec- 
onciled in the short term, but achieving an equitable balance 
requires consideration over a longer term, extending to 10 years 
and beyond. 
ORGANIZING THE FLOW OF INFORMATION 
From a point of view of the information flow, it is useful 
to differentiate within this multiorganization between those 
units whose role it is to design and make proposals, and those 
who review and accept or reject these. Proposals take the form 
of programs or projects such as the construction of hydroelectric 
facilities, aluminium plants, timber production complexes, and 
residential and transport facilities. Review and acceptance of 
such proposals is organized in terms of functions corresponding 
to areas of compliance of performance such as conformance to 
national production goals, to limitations of manpower or finan- 
cial resources, to environmental standards, or to technical re- 
quirements of operation and construction. 
These relationships can be represented in terms of a two- 
dimensional matrix (Figure 1). The design and planning dimension 
(or proposal dimension) defines the overall development program 
in terms of its component projects. For each of these projects, 
the review-acceptance dimension identifies the functional areas 
and corresponding organizational units whose involvement is nec- 
essary. The picture is somewhat complicated by the fact that 
a single function will involve several organizational units in 
a review and approval role, and a number of functions may need 
to be considered jointly or in relation to each other. This may 
be viewed as a third dimension in which approval or acceptance 
proceeds from lower to higher levels, although in fact such a 
sequence is not always observed and final approval from which 
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action can proceed may occur at almost any level. Repeated cy- 
cling between levels and across functions may and generally does 
occur. 
In particular, we can distinguish two major cycles that 
over-lap but serve two different purposes. The first cycle of 
proposals and reviews aims to establish a framework of objec- 
tives, policies, and criteria for preparing design proposals. 
We refer to this phase as the preparation of design specifica- 
tions. The second cycle involves the design and proposal prep- 
aration. 
The preparation of specifications tends to occur at higher 
or more central organizational levels, and requires functional 
coordination. The design process, on the other hand, centers 
on lower and more specialized units. Vertical communications 
permit specifications to be modified and to evolve as major 
design alternatives that are defined and evaluated, and ulti- 
mately accepted. 
Analyzing the information flow along these dimensions may 
be useful for clarifying responsibilities or roles to be taken 
by different units, for reducing redundancies, or for taking 
necessary steps to allow the overall process to proceed more 
quickly and effectively to a sound, optimal conclusion. The 
Lublin coal basin development project may present an opportu- 
nity to pursue this concept in an on-going context. 
METHODS OF PLANNING 
The principles of decision theory suggest that alternative 
goals, conditions, and lines of action are to be defined on a 
comparable and consistent basis, and the best selected on the 
basis of stated criteria. In practice, more often than not, 
only a single plan may be advanced, and this plan is then modi- 
fied and "massaged" until it passes review and is accepted for 
action. Alternatives may only be informally considered as the 
plan evolves, but not actually defined completely or compared 
formally. The more formal approach is more demanding in terms 
of effort and time. In an undertaking of the magnitude of the 
BITPC and, in fact, any regional development effort, the magni- 
tude of the planning effort is great, and a proper balance of 
formal and informal methods must be maintained so as to keep 
the total effort manageable and practical. 
At the same time, one must take into consideration the pos- 
sible advantage of the more formal approach for providing better 
assurances that all major aspects and functions receive full con- 
sideration, and that divergent views may be more fully exposed 
and more rationally reconciled so as to arrive at a superior 
final result. 
In practical terms, it is not possible to compare and eval- 
uate all alternatives simultaneously; or even to compare a limited 
number of alternatives with respect to all functions and criteria 
at the same time. Therefore, it is necessary to follow a se- 
quential procedure. The author outlines such a sequence of steps 
in terms of major blocks. First, a r e s o u r c e  d e v e l o p m e n t  b l o c k  
is established and internally balanced with respect to inter- 
sectorial dependencies. Next, a s o c i a l  b l o c k  is defined so as 
to provide support services consistent with the exigencies of 
the resource block. Lastly, a c o n s t r u c t i o n  i n v e s t m e n t  b l o c k  is 
developed to permit realization of the requirements of both the 
resource block and the social block, with emphasis on optimal 
utilization of manpower, which is in short supply. 
In this sequence, the first block serves to establish spec- 
ifications for the second, and the first two blocks together 
establish specifications for the third. 
It is not clear from this description to what extent it may 
be useful or feasible to re-examine the results of planning of 
the first block, and of the specifications on which it is based, 
in the light information developed in the other two; or to devel- 
op alternative resource development specifications and designs 
which may be carried through the subsequent blocks in parallel. 
To do so may prove valuable because it would permit further ex- 
amination of incremental effects in terms of their costs and 
benefits. 
Questions may arise as to how far to carry the development 
of separate alternative sets of specifications or major varia- 
tions so as to ensure that an ultimate selection be made on the 
basis of relatively complete information on major alternatives. 
INTEGRATING INDIVIDUAL PROJECTS IN A COHESIVE PROGRAM 
As the preceding sections have indicated, the planning and 
design process serves a dual purpose. At the technical level, 
it aims to formulate a program of action designed to accomplish 
specific objectives and to meet stated conditions or limitations. 
At the management level, it provides for the reconciliation of 
different views on objectives and on the conditions that must be 
met in those areas where conclusive answers cannot be reached on 
strictly technical grounds. 
From a technical and managerial perspective, it is essential 
that plans be examined in relation to objectives at the level of 
the individual project, and also for the program as a whole. 
Filshin has raised this point with respect to the BITPC.* 
In the context of the construction sector, for example, 
there is a need to determine the ultimate level of local con- 
struction forces in the light of the requirements of the major 
hydropower project that occurs at the outset, and the subsequent 
requirements of industrial and residential development. Impor- 
tant interrelationships among these projects exist not only with 
respect to manpower and construction facility requirements, but 
extend to a consideration of environmental consequences, require- 
ments for habitational facilities, and financial resources. For 
example, the large investment in power generation will be recov- 
ered only when the aluminium and chemical industries that use 
this power have been established and are operational. 
The difficulty lies in the complexity of interrelationships 
and in the large number of variables and factors involved. Com- 
puter-based methods that use data base maintenance techniques 
and mathematical methods for projecting and accumulating volumi- 
nous data elements should be explored. 
*See G. Filshin, Implementation of a Long-Term Investment Program 
for the Building of the BITPC, in this volume. 
This line of development would lead to the introduction of 
a multiobjective project integration system that would accumu- 
late on computer files information about proposed projects and 
their projected impact on future time periods in terms of dif- 
ferent objectives or acceptance functions to be considered. 
Appropriate information retrieval and report writing routines 
would extract projected results on a combined or accumulated 
basis. Eventually, this information base would be augmented 
with information on projections for existing activities in the 
region, so as to develop a complete, comprehensive picture. 
The emphasis is first on having design units follow a sys- 
tematic, disciplined approach to defining key data in relation 
to design specifications and programs, in consistent terms, by 
project, and relative to a set of functions. Secondly, it aims 
for use of computer facilities to store these key planning data 
in such a way that it is easier for both design and functional 
units to analyze needed information, at the required level of 
detail and, organized so as to facilitate comparison and evalu- 
ation. 
This implies the need to incorporate in the computer system 
certain basic modeling capabilities to handle sequential restric- 
tions (e.g., critical path or network techniques); projections, 
by year, over extended time periods; and summarization of results 
across projects, by year and by function. 
This type of modeling is different from that used for nation- 
al or regional economic planning purposes, in that the latter are 
not project oriented and are concerned basically with economic 
balances. The two model categories are complementary and togeth- 
er provide an effective planning and evaluation system complex. 
In the development of large-scale, computer-based models, 
it is useful to follow a methodical, step-wise approach beginning 
first with the establishment of the required data and file struc- 
tures, and using basic aggregation and accumulation techniques 
that permit the examination of major alternatives in an inte- 
grated fashion at an early stage. Refinements for incorporating 
search or optimization techniques may follow at a later stage. 
This approach is being explored for the Lublin project. In the 
case of the TVA, the possibility of comprehensive integrated 
planning, incorporating both governmental and private sector ele- 
ments, was precluded by the fact that the TVA did not have suffi- 
cient access to information about plans of individual private 
enterprises active in the region. However, planning models on 
a more limited scale have been employed. 
The systematic structuring of the information flow in accor- 
dance with proposal-acceptance relationships, and the integration 
of project information through development of computer-based data 
bases and accumulation techniques are necessary steps toward es- 
tablishing a framework within which a more extensive application 
of the systems approach may be advanced. 
In summary, we might raise three points for discussion not 
only with respect to the Bratsk experience, but also to other 
similar future undertakings. 
- Is it logical or useful to establish organizational 
distinctions or groupings with regard to 
- Project versus functional responsibilities based on 
proposal/acceptance relationships, 
- Design specification versus design preparation re- 
sponsibilities, with the provision of feedback be- 
tween them, 
- Integration of diverse projects with respect to 
specific functions or clusters of related functions? 
- How could information flows among the different units 
in a multiorganizational environment be clarified 
or simplified, and would the organizational distinc- 
tions identified above provide a useful basis for 
defining key information elements and assuring greater 
consistency and comparability of information? 
- What might be the role of a mechanized or computer- 
ized information system in the integration of long- 
term, multiproject planning? 

Summarv Re~Ort on the Technical Session 
On Planning, Management, and Organization of the BITPC 
H. Knop 
The session devoted considerable attention to the subjects 
of analyzing regional goals and strategy-setting processes, re- 
gional organization, and mathematical models and model systems 
for regional planning and management. 
The Soviet delegation presented valuable information on 
how decisions are made for the BITPC. Informal group discus- 
sions were held at which the participants were informed about 
preparations for and operations of the BITPC, its management, 
planning and information systems, and the interaction between 
sectorial planning and management authorities, union Ministries 
and regional planning and decisionmaking authorities. 
The role of Bratskgesstroi in establishing the BITPC and 
in adapting to the latest staye of intensive development was 
another topic of interest. 
During the session it proved useful to elaborate IIASA's 
approach to the study of different socio-economic systems. The 
participants found it helpful to understand the role of the 
BITPC in the future development of other territorial production 
complexes in the USSR. 
It was generally felt that the session provided an excel- 
lent opportunity to exchange ideas and views about the best 
ways to solve management and planning problems. It also helped 
to build a framework for the IIASA field study of the BITPC 
which will be carried out in Bratsk in June and July of this 
year. 
Dis cus s ion  
Among t h e  major t o p i c s  d i s c u s s e d  were i n c e n t i v e s  f o r  a t t r a c t -  
i n g  manpower t o  t h e  Bra t sk  Region, o r g a n i z a t i o n a l  and management 
a s p e c t s  o f  t e r r i t o r i a l  p rod uc t i on  complexes (TPCs) and,  i n  p a r t i c -  
u l a r ,  of t h e  Bra t sk- I l imsk  Complex, development s t r a t e g i e s  f o r  t h e  
BITPC, and problems of t r a n s p o r t i n g  raw m a t e r i a l s  and energy  from 
t h e  Bra t sk  r e g i o n .  A summary of t h e  p a r t i c i p a n t s '  comments on 
t h e s e  s u b j e c t s  i s  g iven  below. 
A major  management c o n s i d e r a t i o n  of t h e  BITPC is t h e  pro-  
v i s i o n  of  h igh  q u a l i t y  s o c i a l  o p p o r t u n i t i e s  f o r  t h e  workers  o f  
t h e  e n t e r p r i s e s .  E f f e c t s  a r e  made t o  e n s u r e  t h a t  t h e  l i v i n g  
c o n d i t i o n s  e q u a l  o r  s u r p a s s  t h o s e  a v a i l a b l e  i n  t h e  European p a r t  
of t h e  S o v i e t  Union. During t h e  i n i t i a l  development p e r i o d  of  
t h e  BITPC, it  was imposs ib l e  t o  o f f e r  t h e  p h y s i c a l  and s o c i a l  
a m e n i t i e s  t h a t  a r e  c u r r e n t l y  a v a i l a b l e .  N e v e r t h e l e s s ,  much pro-  
g r e s s  ha s  t aken  p l a c e  i n  t h i s  a r e a  main ly  a s  a  r e s u l t  of t h e  
emot iona l  and p a t r i o t i c  m o t i v a t i o n s  of  t h e  workers .  
Advanced s c i e n t i f i c  and t e c h n o l o g i c a l  t e c h n i q u e s  a r e  be ing  
a p p l i e d  t o  e n t e r p r i s e s  w i t h i n  t h e  Complex, t h e r e b y  improving t h e  
t e c h n o l o g i c a l  e x p e r t i s e  o f  t h e  workers .  I n  a d d i t i o n ,  t h e r e  a r e  
s p e c i a l  t r a i n i n g  programs and s c h o o l s  f o r  upda t i ng  and upgrad ing  
t h e i r  s k i l l s .  The s o c i a l  i n f r a s t r u c t u r e  is  being  expanded t o  
p r o v i d e  improved l i v i n g  c o n d i t i o n s ,  h e a l t h  s e r v i c e s ,  and c u l t u r a l  
f a c i l i t i e s .  I n  a d d i t i o n ,  m a t e r i a l  i n c e n t i v e s  have been e s t a b -  
l i s h e d .  Bas i c  wages a r e  40 p e r c e n t  h i g h e r  i n  t h e  BITPC than  i n  
o t h e r  r e g i o n s  of t h e  S o v i e t  Union, and a r e  i n c r e a s e d  a n n u a l l y  by 
10 p e r c e n t  up t o  a  maximum of  f i v e  y e a r s .  Workers have 1 2  add i -  
t i o n a l  l e a v e  days  ove r  t h e  norm and r e c e i v e  f r e e  t r a n s p o r t a t i o n  
f o r  v a c a t i o n  purposes  t o  any p a r t  of t h e  S o v i e t  Union. 
The management g o a l s  of t h e  BITPC a r e  based on t h e  o v e r a l l  
needs  of t h e  S o v i e t  n a t i o n a l  economy. The p l a n n i n g  p r o c e s s  i s  
g o a l - o r i e n t a t e d  and d e t a i l s  a r e  set  f o r t h  on t h e  g o a l s ,  t a s k s ,  
and d i r e c t i o n s  of  t h e  socio-economic development .  Some s p e c i f i -  
c a t i o n s  e x i s t  d e a l i n g  w i th  t h e  g o a l  of improving t h e  s t a n d a r d  of 
l i v i n g  i n  t e r m s  of i n d i c a t o r s  of r e a l  income and consumption.  
The s t r a t e g y  f o r  deve lop ing  t h e  BITPC is  d i r e c t l y  r e l a t e d  t o  
t h e  needs  of t h e  n a t i o n a l  economy. The i d e a  of  e s t a b l i s h i n g  TPCs 
d a t e s  back t o  t h e  f i r s t  Five-Year P l an .  I n  t h e  beg inn ing  of  t h e  
1930s,  p l a n s  w e r e  being  con s ide r ed  f o r  deve lop ing  hydropower 
f a c i l i t i e s  and s imu l t aneous ly  c o n s t r u c t i n g  e n e r g y - i n t e n s i v e  i n -  
d u s t r i e s .  
C o n s t r u c t i o n  of  t h e  major f a c i l i t i e s  of t h e  BITPC i s  a lmos t  
completed.  The c u r r e n t  phase  i s  t h a t  of i n t e n s i v e  development ,  
w i t h  a  view t o  a c h i e v i n g  a  h i g h e r  l e v e l  o f  e f f i c i e n c y  and produc- 
t i o n  q u a l i t y .  E f f o r t s  a r e  be ing  made t o  improve t h e  u s e  of  
a v a i l a b l e  m a t e r i a l s ,  and t o  i n c r e a s e  l a b o r  p r o d u c t i v i t y .  I n  t h e  
p e r i o d  1961-1965, manpower i n c r e a s e d  2 2  p e r c e n t ;  p r o j e c t i o n s  f o r  
t h e  p e r i o d  1976-1980 i n d i c a t e  on ly  a  4  p e r c e n t  i n c r e a s e .  T h i s  
i m p l i e s  t h a t  up t o  90 p e r c e n t  of t h e  d e s i r e d  i n c r e a s e  i n  produc- 
t i o n  w i l l  come from i n c r e a s e d  p r o d u c t i v i t y .  S i m i l a r l y  i n  t e r m s  
of i nves tmen t s ,  it i s  a n t i c i p a t e d  t h a t  t h e  y i e l d  pe r  r o u b l e  w i l l  
i n c r e a s e .  
Dec i s i ons  on c a p i t a l  i nves tmen t s  a r e  based on p r o p o s a l s  from 
l o c a l  and c e n t r a l  o r g a n i z a t i o n s .  Dec i s i ons  i nvo lv ing  l a r g e  cap i -  
t a l  i nves tmen t s  a r e  made a t  t h e  h i g h e s t  n a t i o n a l  l e v e l ;  t h o s e  
d e a l i n g  w i t h  s m a l l e r  i nves tm en t s  a r e  handled by t h e  a p p r o p r i a t e  
body acco rd ing  t o  t h e  s i z e  of t h e  r e q u e s t .  Apar t  from t h e  na- 
t i o n a l  economy, o t h e r  sou rce s  of i nves tmen t s  a r e  a v a i l a b l e ,  such 
a s  l o c a l  f unds ,  e n t e r p r i s e  p r o f i t s ,  and bank c r e d i t s .  
The S o v i e t  Union i s  p a r t i c i p a t i n g  w i t h  o t h e r  n a t i o n s  i n  t h e  
c o n s t r u c t i o n  of new l a r g e  o r g a n i z a t i o n s  p r o j e c t s .  I n  1973, con- 
s t r u c t i o n  began on a  new c e l l u l o s e  complex i n  S i b e r i a  t h a t  t a k e s  
i n t o  accoun t  t h r e e  major  c h a r a c t e r i s t i c s  of t h e  S i b e r i a n  Region: 
t h e  a v a i l a b i l i t y  of l a r g e  amounts of f r e s h  w a t e r ;  t h e  un l im i t ed  
s u pp ly  of raw m a t e r i a l s ;  and t h e  e x i s t e n c e  of t h e  c o n s t r u c t i o n  
e n t e r p r i s e  B r a t s k g e s s t r o i .  The o t h e r  c o u n t r i e s  p a r t i c i p a t i n g  
i n  t h e  development of t h i s  p r o j e c t  a r e  B u l g a r i a ,  German Democrat ic  
Republ ic ,  Hungary, Poland,  and Rumania. Each of t h e  c o u n t r i e s  
makes a  c e r t a i n  c o n t r i b u t i o n  t o  t h e  p r o j e c t ,  and w i l l  r e c e i v e  
c e l l u l o s e  i n  p r o p o r t i o n  t o  i t s  i n i t i a l  c o n t r i b u t i o n .  The p l a n t  
i s  scheduled  f o r  commission i n  1979, and it i s  a n t i c i p a t e d  t h a t  
by 1991 a l l  i n v e s t o r s  w i l l  have r e c e i v e d  a  r e t u r n  on t h e i r  i n i t i a l  
i n ves tmen t .  
I n  a d d i t i o n  t o  new c o n s t r u c t i o n  p r o j e c t s ,  i n t e n s i v e  deve lop-  
ment of  t h e  e x i s t i n g  i n d u s t r i a l  ba se  of  t h e  BITPC i s  expec t ed .  
For  example, i n  t h e  t imber  i n d u s t r i e s ,  new improvements a r e  p l an -  
ned which w i l l  a l l o w  f o r  a more e f f i c i e n t  r e c y c l i n g  of was t e  
m a t e r i a l s  i n t o  ca rdboard  p r oduc t i on .  The o p e r a t i o n s  of B r a t s k -  
g e s s t r o i ,  w i l l  be updated and s t r eng thened  t o  a d j u s t  t o  t h e s e  
new r equ i r emen t s .  An automated c o n t r o l  system w i l l  be  i n t r o d u c e d  
i n  t h e  aluminum p l a n t .  During t h i s  p e r i o d  c a p i t a l  i nves tmen t s  
a r e  expec ted  t o  i n c r e a s e  by 40-50 p e r c e n t .  
To e n s u r e  implementa t ion  of t h e  development  p l a n s  f o r  t h e  
BITPC, a  Board of D i r e c t o r s  was e s t a b l i s h e d ,  composed of t h e  
Genera l  D i r e c t o r  of t h e  t imber  p r oduc t i on  complex, t h e  D i r e c t o r  
of t h e  B r a t s k  hydropower s t a t i o n ,  t h e  D i r e c t o r  of t h e  aluminum 
p l a n t ,  t h e  D i r e c t o r  of t h e  h e a t i n g  equipment p l a n t ,  t h e  D i r e c t o r  
o f  t h e  p o l y t e c h n i c a l  i n s t i t u t e ,  and t h e  D i r e c t o r  o f  B r a t s k g e s s t r o i ;  
a d d i t i o n a l  members s e r v e  a s  nece s s a r y .  The Boa r d ' s  t a s k s  a r e  
de te rmined  i n  t h e  l i g h t  of t h e  needs of t h e  Complex. 
The o v e r a l l  management of t h e  TPCs i n  t h e  S o v i e t  Union i s  
c u r r e n t l y  under  s e r i o u s  d i s c u s s i o n .  No one s o l u t i o n  a p p e a r s  t o  
be  i d e a l ,  main ly  because  of t h e  d i f f e r e n c e s  of t h e  v a r i o u s  TPCs. 
I n  a l l  c a s e s  of TPC development ,  t h e  n a t u r a l  environment  
p l a y s  a  prominent  r o l e .  A t t e n t i o n  i s  focused  on o p t i m a l  u s e  of 
n a t u r a l  r e s o u r c e s  and on p r e s e r v a t i o n  and p r o t e c t i o n  of t h e  en- 
v i ronment .  All-Union s t a n d a r d s  a r e  i n  e f f e c t  th roughout  t h e  
S o v i e t  Union, and e n t e r p r i s e  d e s i g n s  and r e g i o n a l  l a y o u t  schemes 
must i n c l u d e  p r o v i s i o n  f o r  e f f e c t i v e  p o l l u t i o n  c o n t r o l .  Monitor- 
i n g  a g e n c i e s  and l o c a l  c i t i z e n  g r oups  a r e  a c t i v e l y  i nvo lved  i n  
e n s u r i n g  t h a t  env i ronmenta l  c o n s i d e r a t i o n s  a r e  i nc luded  i n  t h e  
p l a n n i n g  p r o c e s s  and i n  t h e  a c t u a l  o p e r a t i o n  of  i n d i v i d u a l  e n t e r -  
p r i s e s .  
The BITPC has  proved t h e  e f f i c a c y  of  e s t a b l i s h i n g  l a r g e  TPCs, 
and t h e  e x p e r i e n c e  ga ined  o v e r  t h e  p a s t  t h i r t y  y e a r s  i s  be ing  
a p p l i e d  t o  new TPCs. 
ENERGY SYSTEMS AND WATER 
RESOURCE PROBLEMS 

I n t r o d u c t i o n  
p- 
A.A. Makarov 
T h i s  Conference f o c u s e s  on t h e  development  and management 
o f  t h e  B r a t s k - I l i m s k  T e r r i t o r i a l  P r o d u c t i o n  Complex (BITPC). 
The e n e r g y  s u p p l y  problems o f  t h i s  and o t h e r  r e g i o n a l  complexes 
c a n n o t  b e  s o l v e d  i n d e p e n d e n t l y  f rom t h e  t e c h n o l o g i c a l  o r  sec -  
t o r i a l  p r i n c i p l e s  which a r e  of  major  impor tance  t o  t h e  S o v i e t  
economy. Thus,  t h e  p l a n n i n g  of a l l  a s p e c t s  o f  energy  produc- 
t i o n  and c o n s u n p t i o n  is  c a r r i e d  o u t  w i t h i n  t h e  framework of  a  
u n i f i e d  e n e r g y  s u p p l y  sys tem (ESS) . 
The mass ive  and r a p i d l y  expanding ESS of  t h e  S o v i e t  Union 
produces  more t h a n  2!l p e r c e n t  of  t h e  w o r l d ' s  s u p p l y  o f  e n e r g y ,  
and t h e  c o u n t r y  l e a d s  worldwide i n  t h e  e x t r a c t i o n  of  o i l ,  c o a l ,  
and p e a t ,  and i n  t h e  c e n t r a l i z e d  p r o d u c t i o n  of  h e a t  and power; 
it i s  second i n  t h e  p r o d u c t i o n  and consumption of t h e  remain ing  
forms of f u e l  and energy .  
P l a n n i n g  f o r  t h e  ESS t a k e s  i n t o  a c c o u n t  s e c t o r i a l  and 
t e r r i t o r i a l  f a c t o r s .  The sys tem i s  f i r s t  d i v i d e d  i n t o  f i v e  
energy-supply  b ranches :  p e t r o l e u m ,  o i l  r e f i n i n g ,  g a s  and c o a l  
i n d u s t r i e s ,  e l e c t r i c  e n e r g y ,  and hea t -energy  i n d u s t r i e s .  Each 
o f  t h e s e  b r a n c h e s  i s  s u b d i v i d e d  a c c o r d i n g  t o  i t s  t e r r i t o r i a l  
a s p e c t s - - o i l / g a s  r e g i o n s ,  o i l  r e f i n e r i e s ,  c o a l  b a s i n s ,  and 
e l e c t r i c  e n e r g y  sys tems .  The t o t a l  of  t h e s e  r e s p e c t i v e  sys tems  
w i t h i n  t h e  framework o f  a  g i v e n  r e g i o n  forms a  energy  s u p p l y  
complex. 
The l a r g e s t  r e g i o n a l  energy  s u p p l y  complex of t h e  USSR i s  
l o c a t e d  i n  S i b e r i a .  The Region c o n t a i n s  t h e  l a r g e s t  o i l  and 
n a t u r a l  g a s  r e s e r v e s  o f  t h e  S o v i e t  Union; moreover ,  a  l a r g e  
u n i f i e d  power s y s t e m  i s  b e i n g  deve loped  which w i l l  supply  e l e c -  
t r i c i t y  t o  t h e  European p a r t  o f  t h e  c o u n t r y  by u s i n g  d i r e c t  
c u r r e n t  t r a n s m i s s i o n  l i n e s  w i t h  a  c a p a c i t y  o f  1 2  and 40  m i l l i o n  
kW. The c e n t r a l  r e g i o n s  o f  S i b e r i a ,  which i n c l u d e  t h e  BITPC, 
have s p e c i f i c  c o n d i t i o n s  f o r  t h e  s u p p l y  of  e n e r g y  t h a t  a r e  
r e f l e c t e d  i n  t h e  i n d u s t r i a l  s t r u c t u r e  of t h e  complex. 
Owing t o  S i b e r i a ' s  v a s t  c o a l  and hydropower r e s o u r c e s ,  
t h e  c o s t  of  t h e r m a l  and h y d r o e l e c t r i c  p r o d u c t i o n  is two o r  t h r e e  
t i m e s  l e s s  t h a n  t h a t  i n  t h e  European p a r t  of  t h e  USSR. However, 
t h e  c o s t  o f  h i g h  q u a l i t y  f u e l s  ( e . g .  g a s  and f u e l  o i l )  i s  
a b o u t  t h e  same a s  t h a t  i n  t h e  European p a r t .  The r e a s o n  i s  t h a t  
major  d e p o s i t s  o f  t h e s e  f u e l s  a r e  l o c a t e d  i n  t h e  n o r t h w e s t e r n  
p a r t  o f  S i b e r i a  w h i l e  t h e  "consumers" a r e  l o c a t e d  i n  c e n t r a l  
S i b e r i a .  Thus i n  S i b e r i a  t h e r e  i s  a  l a r g e  gap between t h e  c o s t  
of  h i g h  q u a l i t y  f u e l s ,  and low q u a l i t y  f u e l  and hydropower capa-  
b i l i t y .  T h i s  gap is  c h a r a c t e r i s t i c  o f  t h e  energy  i n d u s t r y  o f  
o t h e r  i n d u s t r i a l l y  deve loped  c o u n t r i e s  a f t e r  t h e  1 9 7 3  energy  
c r i s i s .  The tendency  t o  such  c o s t  d i f f e r e n t i a t i o n s  w i l l  l i k e l y  
a p p e a r  t o  some e x t e n t  i n  t h e  European p a r t  o f  t h e  USSR. 
Lower c o s t  f o r  e l e c t r i c  energy  p r o d u c t i o n  and t h e  low c o s t  
o f  f u e l  f o r  c e n t r a l i z e d  h e a t i n g  s u p p l i e s  a r e  two f a c t o r s  t h a t  
have underscored  t h e  impor tance  o f  l o c a t i n g  p o w e r - i n t e n s i v e  
i n d u s t r i e s  i n  C e n t r a l  S i b e r i a  and i n  p a r t i c u l a r  i n  t h e  BITPC. 
The l a r g e  gap between t h e  c o s t  o f  h i g h  q u a l i t y  f u e l s  and t h a t  
o f  h y d r o e l e c t r i c  p r o d u c t i o n  h a s  l e d  t o  t h e  i n c r e a s e  i n  t h e  
e l e c t r i f i c a t i o n  o f  heavy and consumer s e r v i c e  i n d u s t r i e s  i n  
S i b e r i a .  
I n  S i b e r i a  t h e  predominance o f  e l e c t r i c - e n e r g y - c o n s u m i n g  
i n d u s t r i e s  and t h e  R e g i o n ' s  i n c r e a s e d  e l e c t r i f i c a t i o n  o f  heavy 
and consumer-se rv ice  i n d u s t r i e s  h a s  s t i m u l a t e d  t h e  dynamic 
growth o f  e l e c t r i c  e n e r g y  consumption a s  compared w i t h  o t h e r  
r e g i o n s  o f  t h e  S o v i e t  Union. T h i s  i s  i n  l i n e  w i t h  t h e  i n c r e a s e  
i n  t h e  p r o d u c t i o n  o f  e l e c t r i c i t y  and t h e  t r a n s m i s s i o n  o f  power 
t o  t h e  European p a r t  o f  t h e  USSR. I n  t h i s  c o n n e c t i o n ,  t h e  
c h o i c e  o f  a n  o p t i m a l  r a t i o  f o r  t h e  d i f f e r e n t  methods f o r  pro-  
d u c i n g  e l e c t r i c i t y  h a s  g r e a t  s i g n i f i g a n c e .  
For  example,  t h e  l a r g e  d i f f e r e n c e  i n  t h e  c o s t  o f  h i g h  q u a l -  
i t y  f u e l s  a s  compared t o  t h a t  of  c o a l  h a s  r e s u l t e d  i n  t h e  u s e  
o f  a  combined scheme f o r  s u p p l y i n g  consumers w i t h  e l e c t r i c i t y - -  
t h a t  is ,  u s i n g  power p l a n t s  t o  p r o v i d e  b o t h  h e a t  and e l e c t r i c i t y .  
T h i s  i n c r e a s e s  t h e  e f f i c i e n c y  c o e f f i c i e n t  o f  t h e  power p l a n t s  
from 40-42  p e r c e n t  t o  60-70  p e r c e n t .  F i g u r e  1 i l l u s t r a t e s  t h a t  
t h e  combined scheme i s  e c o n o m i c a l l y  j u s t i f i a b l e .  The h e a t  l o a d  
i s  lower  i n  S i b e r i a  t h a n  i n  t h e  European p a r t  o f  t h e  USSR. 
for Combined 
Scheme 
Figure 1. Combined and separate schemes for the supply of heat. 
T a b l e  1. C o m p a r i s o n  of H P S s  i n  t h e  E u r o p e a n  a n d  t h e  
S i b e r i a n  H y d r o p o w e r  S y s t e m s .  
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Figure 2. Structure of the Siberia Power Systc.rn. 
NAME 
WOLGA- I 
WOLGA- 2 
WOTINSK 
KREMINCHUG 
C O S T S  CAPA- 
CITY 
MW 
2300 
2541 
1000 
625 
CAPITAL, 
ROUBLE 
PER kW 
144 
115 
98 
6400 I loo 
PRICE,  
ROUBLE 
PER MWh 
0.53 
0.62 
0.79 
0.5 
C O S T S  
NAME 
BRATSK 
UST-ILIMSK 
KRASNOYARSK 
SAYANY 
CAPITAL, 
ROUBLE 
PER kW 
300 
220 
134 
332 
CAPA- 
'ITY 
MW 
4100 
4320 
6000 
PRICE,  
ROUBLE 
PER MWh 
1.0 
1.0 
1.0 
1.3 
Because o f  t h e  e f f i c i e n c y  o f  t h e  combined scheme and t h e  
many heat-consuming i n d u s t r i e s  i n  s i b e r i a ,  t h e r e  h a s  been a c e l -  
e r a t e d  development  o f  h e a t  and power p l a n t s ,  and a  s t r e n g t h e n -  
i n g  o f  t h e i r  r o l e  i n  t h e  p r o d u c t i o n  o f  e l e c t r i c i t y .  
Another  major  c h a r a c t e r i s t i c  o f  t h e  p r o d u c t i o n  o f  e l e c t r i c -  
i t y  i n  S i b e r i a  i s  t h e  i m p o r t a n c e  o f  h y d r o e l e c t r i c  s t a t i o n s ;  
c u r r e n t l y  t h e y  p roduce  a b o u t  one-ha l f  t h e  t o t a l  c a p a c i t y  o f  t h e  
S i b e r i a n  Power System. T a b l e  1 g i v e s  d a t a  on c a p a c i t y  and c o s t  
o f  hydropower s t a t i o n s  (HPSs) i n  t h e  S i b e r i a  Power System and 
i n  t h e  European p a r t  o f  t h e  USSR. A l l  t h e  HPSs l i s t e d  w e r e  con- 
s t r u c t e d  a t  a b o u t  t h e  same t i m e  p e r i o d .  The t a b l e  shows t h a t  
t h e  S i b e r i a n  HPSs have g r e a t e r  c a p a c i t i e s  and lower  c o s t s  t h a n  
t h o s e  i n  t h e  European sys tem.  
F i g u r e  2 shows t h e  c u r r e n t  s i t u a t i o n  o f  t h e  g e n e r a t i n g  
c a p a c i t i e s  o f  t h e  S i b e r i a  Power System,  and i t s  p r o j e c t e d  de- 
velopment .  The c u r r e n t  s t r u c t u r e  o f  t h e  S i b e r i a  Power Sys tem 
p r o v i d e s  f o r  t h e  o p t i m a l  economic u s e  o f  e n e r g y  r e s o u r c e s .  
The i n c r e a s e d  e f f i c i e n c y  o f  HPSs and hea t ing /power  p l a n t s  h a s  
r e s u l t e d  i n  a  minimum l o s s  o f  e n e r g y  f o r  t h e  o r g a n i c  f u e l s  t h a t  
a r e  c o n v e r t e d  i n t o  e l e c t r i c  e n e r g y .  I n  t h e  f u t u r e ,  however,  it 
w i l l  b e  n e c e s s a r y  t o  a c c e l e r a t e  t h e  c o n s t r u c t i o n  o f  t h e r m a l  
power p l a n t s  i n  view o f  t h e  g r a d u a l  u s e  o f  hydropower c a p a c i t y  
and t h e  need  t o  t r a n s m i t  l a r g e  amounts o f  e l e c t r i c i t y  t o  t h e  
European p a r t  o f  t h e  USSR. 
Mathematical Models for Optimizing the Development 
Of Integrated Electric Power Systems in Siberia 
L.S. Belyaev, A.A. Papin, and A.N. Zeiliger 
Optimization of the development of an electric power 
system (EPS) consists in selecting the patterns and priorities 
for developing power installations (power stations and transmis- 
sion lines). This choice must be made so as to provide an un- 
interupted supply of power in the required amount at a minimum 
cost. The problem cannot be solved in one move since the calcu- 
lations would be rather unwieldy and decisions have to be taken 
at different times in advance, with different degrees of uncer- 
tainty in the initial information for the different power units 
being developed. A hierarchy of problems has therefore to be 
elaborated. 
Current views on planning the development of an EPS suggest 
that the sequence of problems to be solved is as follows [ 1 , 2 ] :  
- Determining the long-term pattern of the generating 
capacities of an integrated electric power system 
(IEPS) in terms of fuels; 
- Optimizing the pattern of generating capacities in 
an IEPS in terms of generating equipment, circuits 
and carrying capacities of power transmission lines 
linking one IEPS to another; 
- Selecting the first power station to be developed 
and determining the development pattern of the core 
grid of an IEPS in the near future; 
- Fixing dates for the commissioning of power stations, 
transmission lines, and plants. 
The Siberian IEPS, which comprises the Bratsk and the Ust- 
Ilimsk hydropower stations (HPSs), has distinct technical and 
economic problems from other IEPSs in the Soviet Union. Siberia 
has enormous deposits of oil, gas and coal, and more than 30 per- 
cent of the country's potential hydropower resources. The choice 
of fuel for the new thermal power stations in Siberia is virtu- 
ally dictated by the low cost of the brown coals of the Konsk- 
Achinsk basin, and the need for transporting the high-quality 
fuel of West Siberian gas and oil fields to the European part 
of the USSR. So, determination of the scale of construction of 
new coal power stations and HPSs is the key to optimizing the 
development of the Siberian IEPS. 
Since fuel is generally in short supply in the European 
part of the country, the Kansk-Achinsk coals may have to be added 
to its fuel balance in the future. But since it would be diffi- 
cult to transport these coals over long distances, it would be 
profitable to burn them where they are mined and transmit the 
electric power produced through the grid. The optimal volume 
of this transmission is another major question in the long-term 
planning for the Siberian IEPS development. It is linked with 
the previous one and has to be considered within the overall 
framework of the country's fuel and energy economics. 
Low costs of electricity production from cheap brown coals 
and the highly efficient use of hydropower resources of the 
Angara and the Yenisei Rivers favor locating power-consuming 
industries in Siberia. With industrial consumers taking a big 
share, power consumption regimes have to be very tightly orga- 
nized. Owing to the high efficiency of the Angara-Yenisei HPSs, 
their speedy construction has become a feasible and profitable 
project. So much so that at the moment the HPSs account for 
45 percent of the total output in the Siberian IEPS. They cope 
with fluctuations in the daily demand and are the main emergency 
reserve. In fact, no other variable-output power stations are 
needed in the Siberian IEPS. 
The Siberian HPSs could be expanded to cover peak loads and 
provide emergency reserves for other IEPSs in the East and in the 
European part of the USSR. High-capacity links between the sys- 
tems would have to be built for this purpose. In addition to an 
enhanced use of the Angara-Yenisei HPSs, other factors contribute 
to the usefulness of these links. For instance, they promote 
cheaper and better use of the installed capacities in the Inte- 
grated National Electric Power System (INEPS) because of different 
peak load times at IEPSs situated in different time zones, mutual 
standby possibilities, etc. Thus, the Siberian IEPS should be 
treated in a common framework with the other components of the 
INEPS . 
The choice of an optimum pattern of capacities for the 
Siberian IEPS is largely affected by the fact that HPSs play a 
major role and there are long-period storage reservoirs in the 
Angara-Yenisei cascade compensating for the random nature of the 
river flow. The problem is a probabilistic one. 
A rational choice of the unit capacity and pattern of power 
blocks for the power stations of the Kansk-Achinsk Complex is 
vital for the Siberian IEPS. Plants of 800 MW capacity are en- 
visaged for the first period. Later they will be larger (up to 
1200-1600 MW) to boost labor efficiency, to save capital in- 
vestment, and to speed commissioning times for putting new plants 
into operation. A limiting factor here is the difficulty of 
designing reliable high-capacity single-hull steam generators 
fueled with low grade coal. 
Central heating and power plants (CHPPs) constitute a con- 
siderable part (30-40 percent) of the generating capacities of 
the Siberian IEPS. Choosing an efficient scale of development 
for them involves certain considerations. In particular, com- 
bined heat and power production at CHPPs with cheap coal is 
more efficient than from boiler houses operating on more expen- 
sive liquid fuel. Also the condensation portion of CHPP capacity 
is normally used to cover peak loads of the system, but since in 
Siberia the variable part of the load schedule is met by HPSs, 
thermal stations (including CHPPs) operate only in their basic 
mode. 
The territory currently served by the power stations of the 
Siberia IEPS stretches over vast areas from west to east, but 
the production capacities, e.g. the EPS, are heavily concentrated 
so that the overall pattern of the distribution of power produc- 
tion and consumption is extremely irregular. This results in a 
chain-type basic power grid for the Siberian IEPS, with long 
distances between the nodes and limited carrying capacities of 
the links. If a reliable supply of power to the consumers and 
a steady operation of the generators are to be ensured in the 
long run, major capital investment will have to be made on devel- 
opment of intersystem links. And it is as important to optimize 
the development of the basic power grids in the Siberian IEPS so 
as to solve the problem of structural design. 
In the next 10 to 15 years, the Siberian IEPS will be inte- 
grated with the power systems of Kazakhstan, Central Asia, and 
the European part of the country. Moreover, with the building 
of the main line of the Baikal-Amur Railway, it will be possible 
to link it up with the Far East IEPS. The Siberian IEPS will 
then function as the middle link, so that its development must 
be closely coordinated with that of other power systems and with 
the formation of the INEPS. 
Mathematical models have been increasingly applied to these 
problems of planning the development of the Siberian IEPS, and 
we shall now outline these applications. 
APPLICATION OF MATHEMATICAL MODELS FOR OPTIMIZING THE DEVELOPMENT 
OF THE SIBERIAN IEPS 
First attempts at using mathematical models to plan the devel- 
opment of the Siberian IEPS were made in the mid-1960s. At that 
time calculations were carried out for optimizing the structure 
of the Siberian IEPS with the use of a linear dynamic model devel- 
oped at the Siberian Power Institute (SPI), with the assistance 
of the staff of the Northwestern Division of the Energosetiproekt 
Institute [ 3 1 .  The problem was to find the most efficient propor- 
tions of hydroelectric and condensation-electric power plant devel- 
opment for securing the necessary pace of building up the system 
capacity between 1971 and 1975, and to determine the distribution 
of the capacity among the grid nodes and the links between them. 
We have already mentioned that under Siberian conditions 
this is a stochastic problem that is not easy to solve now or 
in the foreseeable future. So its solution is broken down into 
two steps. The first is calculation of the water flow regulation 
to determine the hydropower indexes of the HPS cascade--i.e. 
guaranteed output during unfavorable hydrological conditions and 
average long-term power output. The second is determination of 
the optimum set of priorities and dates for commissioning the 
HPSs and thermal stations, with due consideration for these HPS 
indexes and for details of the power system development plans. 
The period covered by the calculation was 12 years, in order 
to enable the HPSs to achieve full capacity. It was broken up 
into six two-year periods. The unknowns in the model were the 
capacities of the power stations at the nodes, and the carrying 
capacities of the links between them, estimated for the end of 
each two-year period. The functional of the model was the re- 
duced cost of IEPS development for the whole period. The re- 
straints were the capacity and the power balances at the ends 
of the time periods, fuel consumption rates, carrying capacities 
of the power transmission lines (PTL), electric power supply 
requirements, the dates of commission of the HPS peak capacities, 
etc. A modified simplex method was used in optimization. 
A number of major conclusions were reached about efficient 
ways of developing the Siberian IEPS, and later these were borne 
out in practice. In particular, a dependence was found between 
the dates of commissioning the HPSs and possible development 
rates of thermal stations' capacities; it was found advisable 
to slow down the rate of introducing HPSs and to accelerate the 
building of thermal stations. 
An integral part of determining the best long-term develop- 
ment plan for the Siberian IEPS was the calculation to optimize 
the national fuel and power balance (FPB), carried out in 1971 
by using a linear model of FPB developed at SPI [ & I .  In the 
model, the Siberian IEPS was treated as a component of the INEPS. 
The model also sought to optimize the development of the fuel 
(oil, gas and coal) industries and of nuclear power engineering. 
The model was a static one and calculations were carried out for 
two dates, 1985 and 1990, with the optimum FPB obtained for 1985 
being taken as the initial data for computing for the second date. 
Because of the uncertainty in the information for this long pe- 
riod, more than 100 computation alternatives were calculated 
varying the oil and gas resources, development scales of nuclear 
power plants and of the Kansk-Achinsk coal basin, fuel and power 
needs, etc. The computer programs used were based on a modified 
version of the simplex method. 
The linear model gave the following information for develop- 
ing the Siberian IEPS up to 1990: 
- The optimum scale for constructing condensation-elec- 
tric power stations operating on Kansk-Achinsk coals, 
taking into account the conditions of fuel supply 
in various parts of the country, the comparative 
costs of transporting fuel and energy, and the 
location of power-consuming industries; and 
- The regions of optimum use of power flows from 
Siberia and the time schedule of construction of 
direct current PTL. 
Currently the SPI and the Energosetiproekt are determining 
the economic efficiency and priorities for integrating the EPS 
in the East, linking it with the European section of the national 
system. A recently developed linear mathematical model of an 
INEPS is being used for these investigations [ 5 ] .  The objectives 
of the project are: estimating useful scales for exploiting the 
intersystem integration; investigating the effect of extending 
the range of Siberian HPSs to other IEPSs in the East and the 
European sections of the INEPS, with a view to fuller use of 
the former's capacities; and estimating the necessary carrying 
capacities of the intersystem links, their optimum operation 
conditions, and construction priorities. 
A static version of the model is being used. The optimum 
criterion is minimum cost of construction and operation of var- 
ious types of generating plants and intersystem links for the 
INEPS as a whole. The set of basic equations of the model in- 
cludes: balances of capacity for combined maximum load of the 
INEPS and the particular IEPS maxima; power balances with due 
regard for the intersystem PTL; restraints on the use of various 
fuels; restraints on admissible development scales of power sta- 
tions and PTL; and operation modes of the power stations and PTL 
in daily terms. 
When these problems are solved, it will be possible to give 
practical recommendations on the future role of the Siberian IEPS 
in meeting the INEPS balance and to answer certain major questions 
of INEPS design. 
Optimization of basic power grid development is important in 
the development of the Siberian IEPS. The discrete nonlinear 
model [61 elaborated at the Irkutsk Polytechnical Institute has 
been used for solving this problem. 
The power grid was represented in the model by means of a 
connected graph whose nodes are power generation and consumption 
centers, and whose branches are transmission lines and transformer 
substations. In all, 25 nodes and 48 branches, including 36 under 
design were considered. The aim function expressed the construc- 
tion and operation costs of the power transmission lines, substa- 
tions and the cost of energy losses in the period under consider- 
ation. These are a nonlinear nonconvex function of the sought 
after values and therefore, the problem is a multi-extremum one. 
The method used to solve it was to search for a local optimum on 
the basis of group relaxation methods. Additional difficulties 
arise when the power grid is analyzed in dynamic perspective with 
all restraints, estimation of the reliability of power supply to 
the consumers, etc. 
Some practical recommendations for efficiently developing 
the Siberian IEPS power grid have been formulated and submitted 
to the designing organizations. One important finding was the 
desirability of building 1 1 5 0  kV transmission lines in this area. 
Calculations on long-term operation schedules for the 
Siberian IEPS up to 1 9 8 0  deserve to be mentioned among studies 
on its optimum development, the purpose being to assess the 
capacity and power balances of the individual IEPS nodes for 
putting new capacities into operation. 
Two mathematical models that were developed at the SPI have 
been used in these calculations. The first model is for optimizing 
long-term operation schedules of the EPS including some HPSs [ 7 ] ,  
and the second model is for optimizing future daily operation 
schedules. Both models treated the optimization of long-term 
operation schedules of the EPS as a nonlinear programming problem 
where some parameters may be discrete. The auxiliary functions 
methods were used for optimization in combination with the co- 
ordinate descent method. The EPS under study is represented as 
a set of nodes connected by power transmission lines. Various 
types of power stations may be present at each node. 
From the first model, the outputs for the years under study 
were estimated for all Siberian HPSs, and the water flow regula- 
tion schedules were determined. The second model gave the capac- 
ities of HPSs and thermal power stations to meet typical daily 
loads and surges in transmission lines. Long-term capacity and 
power balances have been compiled from the results, and programs 
for commissioning power staticns and transmission lines have been 
set up. 
A FUTURE SYSTEM OF MATHEMATICAL MODELS 
It is clear that vast experience has been accumulated in the 
use of mathematical models for planning the development of the 
Siberian IEPS: the initial phase of automating EPS planning and 
designing is complete. 
Recently efforts have been directed toward creating an auto- 
mated information system (AIS) for EPS designing [ 5 ] .  Compared 
with existing systems and programs, basic improvements are envis- 
aged for the structure of an AIS, namely: due allowance for the 
uncertainty in input data; development of an integrated data base; 
design of an AIS for solving all problems involved in EPS develop- 
ment; and development of automated sets of programs for solving 
similar problems. 
Particular importance is attached to the first of these so 
that it will be possible to take more substantiated decisions 
and to reduce excessive costs caused by inexact knowledge of the 
system's future development. 
The AIS for EPS design will comprise two types of intercon- 
nected design systems corresponding to two hierarchical levels 
of the real systems--the INEPS and the IEPS. Each level will 
have its own set of problems. The following distribution of 
tasks is envisaged for the AIS for the INEPS and the AIS for 
the IEPS. 
The AIS for the INEPS will be concerned with the following: 
- Estimating the system efficiency and the usefulness 
of creating new types of basic generating and elec- 
trical engineering plants; 
- Selecting an efficient future INEPS pattern in terms 
of power station and generating plant types; 
- Choosing ways of developing the basic grid of INEPs 
(configuration, voltages, carrying capacities of the 
intersystem PTL) for different periods of time; 
- Determining a scheme for the near future and fixing 
dates for commissioning individual intersystem PTL: 
and 
- Coordinating decisions on the development of power 
stations and PTL in the individual IEPSs, from the 
point of view of the INEPS. 
The AIS for the IEPS will do the following: 
- Determine the set of efficient development alterna- 
tives for future IEPS power stations; 
- Set priorities for power stations to be constructed 
immediately after the completion of current projects; 
- Choose development trends for the basic grids of the 
IEPS for different time scales; and 
- Choose a scheme for IEPS grids for the immediate fu- 
ture and fix the time for building top priority PTL. 
Also, the optimum scope for heat production and development 
of heating and power plants, etc. should be determined at this 
level. 
For all problems associated with the optimization of the 
pattern of generating capacities, the external links of the EPS 
with other component systems of the national fuel and power 
complex (FPC) have to be considered. For this, the development 
of the INEPS and its component IEPS must be first optimized with- 
in the more general framework of the FPC [4]. Such preliminary 
calculations provide the groundwork for decisions about the devel- 
opment of fuel industries, the amount of power resources to be 
allocated to electric power stations, and also the optimal pat- 
terns of generating capacities in terms of the main types of 
power station (peak load, semi-peak load, and base stations) for 
the INEPS and for the individual IEPS. 
The problems to be tackled by the AIS for EPS design deter- 
mine both the software package and the prDgrams and data bases. 
Some software sets have already been determined [51 and are 
briefly described below. 
The core of the software for determining an efficient INEPS 
pattern in terms of power station and generating plant types is 
a linear optimization model representing the INEPS as a sectorial 
system. This model has been outlined earlier, so we shall mention 
only a few additional details. Besides the optimization pattern 
of INEPS generating capacities, the model enables us to select 
the required carrying capacities of the intersystem links. ~t 
incorporates the determination of daily schedules for using the 
generating capacities and the intersystem PTL within a common 
time frame; the selection of the carrying capacity of the PTL, 
taking into consideration the intersystem effects (reduc-d emer- 
gency reserves, different timings of load peaks, etc.) and the 
distribution of reserve capacities among the nodes; a fuller 
account of the special features of the development and functioning 
of power stations, taking into consideration their individual 
types, etc. 
Apart from the model, the computational software includes 
the data bank and a series of interlinked functional or ancillary 
programs, such as the supervisor, the data inputter and processor, 
the output routine, etc. 
Programs and data bases for studying the system efficiency 
of power units comprises a dynamic discrete simulation model, 
which enables the dynamic balance of a system's capacity to be 
computed with given priorities for building power stations and 
commissioning their individual plants. The capital investments 
and the fuel costs of the system are evaluated by optimizing the 
operation schedules of the plant for a series of typical 24-hour 
periods which includes specifying the composition of the plant 
units to be used. At the same time the costs of developing and 
organizing the manufacture of new equipment are computed together 
with changed PTL costs and additional costs associated with even- 
tual impact on the environment. The software package was built 
up from experience gained in using the early version of the dy- 
namic discrete simulation model developed in 1969 [81. 
The computational software package for problems of power 
station development at the IEPS level is intended for solving 
certain problems. The package has a modular structure, each 
module being available in several modifications so that a variety 
of software operation modes can be organized. For optimum calcu- 
lations, simpler module versions are used, while modules account- 
ing for more details of the system's power and economic character- 
istics are applied to assess different alternatives. 
The main modules of the package are: the balance module, 
which is intended to assess the dates for the commissioning of 
power stations, given their order of priority; the scheduling 
module, which optimizes the operation schedules of the power sta- 
tions, PTL and fuel costs estimates; the PTL module, which eval- 
uates the costs in terms of power grids for alternative variants 
of commissioning power stations and locating them in IEPS nodes; 
and the optimization module, which organizes the optimization 
process; it is based on the competition method [9]. 
Each module is an autonomous model having its own data files 
and fixed formats of input and output data. A special executive 
routine is used to operate this software package. 
The computation program package for technico-economic calcu- 
lations of the basic power grids of the IEPS is intended for solv- 
ing network problems [lo]. It comprises modules of main and op- 
erator programs as well as a data base. The program package in- 
cludes the executive routine, the routine for formatting the data 
base, the routine for preparing the computing operation, and the 
module of main operating programs. The latter consists of opti- 
mization programs which choose the optimum configuration of a 
power grid by means of an algorithm of optimization by coordinates 
[Ill; an estimation program for assessing the techno-economic 
merit of different configurations designed for the power grid; 
and an optimization program based on dynamic programming princi- 
ples and some heuristic algorithms [12]. 
The package is already in use in some departments of the 
Energosetiproekt Institute. 
The software sets listed above are standard tools for compu- 
tational research used in optimizing the development of various 
territorial subunits of the INEPS, one of which is the Siberian 
IEPS. The problems of Siberian IEPS development that necessitate 
consideration of the system's relations with other power systems 
will be tackled within the framework of the AIS for the INEPS. 
A special AIS with its own mathematical models for Siberian IEPS 
design will be developed to deal with "internal" problems of the 
development of power stations and power grids in Siberia. 
REFERENCES 
[I] Belyaev, L.S., G.V. Voitsekhovksya, et al., Principles of 
Design and a Possible Structure of the Automated 
Information System for Management of the Development 
of Electric Power Stations, Proceedings of All-Union 
Conference: Voprosy razrabotki avtomatizi~ovann~kh 
sistem upravleniya v energetike, Leningrad, 1973 
(in Russian) . 
[ 2 1  Zeiliger, A.N., Special Features of System Designing Under 
Incomplete Information as Applied to Electric Power 
Systems, Proceedings of ALL-Union Symposium: Faktor 
neopredelennosti pri prinyatii optimalinykh reshsnii 
v bolishikh sistemakh energetiki, USSR Academy of 
Sciences, Siberian Department, Irkutsk, 1974 (in 
Russian). 
[31 Makarova, A.S., and Yu.P. Syrov, Linear Mathematical Model 
for Optimizing the Structure of Power Systems in its 
Development Dynamics, in Problemy pokrytiya peremen- 
nykh nagruzok v energosistemakh, Izdatelstvo Belorus, 
Minsk, 1965 (in Russian). 
:41 Makarov, A.A., and L.A. Melentiev, Methods of Study and 
Optimization of Energy Production, Nauka, Novosibirsk, 
1973 (in Russian). 
[ 5 1  Problems of Development of Automated Information Systems 
for Management of the Expansion of Electric Power 
Systems (Compendium), Structure and Design Principles 
of AISM First Stage, Issue 11, USSR Academy of Sci- 
ences, Siberian Department, Irkutsk, 1975 (in Russian). 
[61 Akishin, L.A., et al., Mathematical Xodel for Optimizing 
the Configuration of a Developing Electric Grid, 
Transactions of the Irkutsk Polytechnical Institute, 
NO. 72 (1971), Irkutsk Polytechnical Institute, 
Irkutsk (in Russian) . 
[71 Syrov, Yu.P. and Sh.S. Churkveidze, On Optimization of 
Long-Term Operation Schedules of Electric Power Sys- 
tems, Energetika i Transport, No. 3 (1969) (in Russian). 
[ 81  Mathematical Models for Analysis and Economic Evaluation 
of Alternative Variants of Development of Electric 
Power Systems, USSR Academy of Sciences, Siberian 
Department, Irkutsk, 1971 (in ~ussian). 
[9] Mathematical Models for Optimization of the Development of 
Electric Power Systems, USSR Academy of Sciences, 
Siberian Department, Irkutsk, 1971 (in ~ussian). 
[lo] Zeiliger, A.N., and P.A. Malkin, Designing the Development 
Schedules of the Basic Electric Grids of Power Systems 
with the Aid of Mathematical Models, Elektricheskie 
stantsii, No. 3 (1973) (in Russian). 
[Ill Motskus, I.B., On Coordinates-Based Method of Optimization 
of Development of Electric Grids, Energetika i Trans- 
port, No. 1 (1969) (in Russian). 
[12] Dale, V.A., et al., Optimization of the Development of the 
Basic Grids of Joint Electric Power Systems Using 
Dynamic Programming Method, Energetika i Transport, 
No. 4 (1970) (in Russian). 

I n d i r e c t  E x ~ e . " _ s _ e _ A c c o u n t i n g - ~ -  P l a n n i n g  
S i b e r i a n  Fuel-Power Resource Developmentt  
Yu. D. Kononov 
INTRODUCTION 
Belyaev ,  e t  a l .  have shown t h a t  t h e  major  problems o f  d e v e l -  
o p i n g  t h e  e n e r g y  economy b o t h  a t  t h e  BITPC and f o r  S i b e r i a  a s  a  
whole must be  s o l v e d  by t h e  o p t i m i z a t i o n  of t h e  n a t i o n a l  f u e l  and 
power b a l a n c e .  The development  o f  S i b e r i a n  energy  r e s o u r c e s  f o r  
mee t ing  t h e  c o u n t r y ' s  demands r e q u i r e s  l a r g e - s c a l e  c a p i t a l  i n v e s t -  
ments  and t h e  i n c r e a s e d  o u t p u t  o f  m a t e r i a l s  and equipment  f o r  t h e  
o i l ,  g a s ,  and c o a l  i n d u s t r i e s .  T h i s  i n  t u r n  c r e a t e s  t h e  need f o r  
c a p i t a l  i n v e s t m e n t s  f o r  e n e r g y - r e l a t e d  i n d u s t r i e s  ( e . g . ,  f e r r o u s  
and n o n - f e r r o u s  m e t a l l u r g i c a l  i n d u s t r i e s ) ;  we w i l l  c a l l  t h e s e  i n -  
v e s t m e n t s  ( e x p e n s e s )  i n d i r e c t .  S e v e r a l  q u e s t i o n s  a r i s e  i n  t h i s  
c o n n e c t i o n .  A r e  t h e  i n d i r e c t  i n v e s t m e n t s  and e x p e n s e s  f o r  o t h e r  
l i m i t e d  r e s o u r c e s  e s s e n t i a l ?  Are t h e r e  v a r i a n t s  t h a t  must b e  
t a k e n  i n t o  a c c o u n t  when d e t e r m i n i n g  t h e  economic e f f i c i e n c y  o f  
S i b e r i a n  e n e r g y  development?  I f  s o ,  what a r e  t h e s e ?  
These q u e s t i o n s  a r e  o f  p a r t i c u l a r  concern  t o  t h e  IIASA Energy 
P r o j e c t  which is i n v o l v e d  i n  d e t e r m i n i n g  s t r a t e g i e s  f o r  a  t r a n s i -  
t i o n  from f o s s i l  t o  n u c l e a r  f u e l s .  
THE NEED FOR INDIRECT EXPENSES 
I n t e r i n d u s t r i a l  dynamic models can be  used  f o r  m o n i t o r i n g  
t h e  development  o f  e n e r g y - r e l a t e d  i n d u s t r i e s  and t h e  c o n c o m i t a n t  
r e s o u r c e  u s e .  Such models have been used  by t h e  S i b e r i a n  Power 
I n s t i t u t e  f o r  comparing v a r i a n t s  o f  e n e r g y  economy development  i n  
t h e  USSR. These v a r i a n t s  d i f f e r  i n  d e g r e e  o f  i n d i v i d u a l  S i b e r i a n  
e n e r g y  r e s o u r c e  use .  
A n a l y s e s  have shown t h a t  t h e  i n d i r e c t  e x p e n s e s  depend on t h e  
r a t e s  o f  i n v o l v i n g  c a p i t a l - i n t e n s i v e  energy  r e s o u r c e s  i n  t h e  coun- 
t r y ' s  fuel-power  b a l a n c e .  I f  t h e  r a t e s  a r e  s t a b l e  and low, t h e n  
t h e r e  i s  no need f o r  a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  p r o d u c t i v e  
c a p a c i t i e s  o f  t h e  e n e r g y - r e l a t e d  i n d u s t r i e s ;  where  t h e r e  is growth 
i n  t h e  r a t e s  o f  e n e r g y  r e s o u r c e  p r o d u c t i o n ,  t h e  c a p a c i t i e s  o f  t h e s e  
r e l a t e d  i n d u s t r i e s  is  i n s u f f i c i e n t ,  t h e r e b y  making it n e c e s s a r y  
t o  d e v e l o p  o t h e r  r e l a t e d  i n d u s t r i e s .  The more a b r u p t l y  t h e  r a t e s  
tComment on L.S. Belyaev,  e t  a l . ,  Mathemat i ca l  Models f o r  O p t i -  
m i z i n g  t h ~  l l ~ ~ ~ l o p m ~ n  t o f  I n t e g r a t e d  E l e c t r i c  Power Sys terns i n  
S i b e r i a ,  i n  t h i s  volume. 
AVERAGE ANNUAL MANPOWER EXPENSES 
IN RELATED BRANCHES (IN % OF THEIR 
VALUE WHEN R = 5 96) 
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F i y r r  3. Rrquirt.d lead time for indirect ~nvestrnent. 
E x p e r i m e n t a l  c a l c u l a t i o n s  have shown t h a t  i n  t h e  c a s e  o f  
e x c e s s i v e  f o r c i n g  o f  t h e  s h a r e  of  S i b e r i a n  g a s ,  o i l ,  and c o a l  
i n  t h e  fuel-power  b a l a n c e  o f  t h e  European p a r t  o f  t h e  c o u n t r y ,  
t h e  i n d i r e c t  c a p i t a l  i n v e s t m e n t  can  amount t o  40-55 p e r c e n t  o f  
t h e  d i r e c t  i n v e s t m e n t  ( s e e  Tab le  1 ) . 
Table 1. I n d i r e c t  c a p i t a l  investment i n  t h e  development 
of some S i b e r i a n  f u e l  sources  !%)  . 
ENERGY-RELATED INDUSTRIES 
E l e c t r i c  Power Systems 
Fuel  Indus t ry  
Ferrous Metallurgy 
Non-ferrous Metallurgy 
Cons t ruc t ion  Mate r ia l  Indus t ry  
Machine Building 
Other Branches 
T o t a l  
The same a s  a pe rcen t  of d i r e c t  investment 
GAS 
2-3 
8 
38 
2-3 
2 2 
10 
17 
100 
47 
OIL 
3 
12 
28 
4 
20 
12 
2 1 
100 
54 
COAL 
9- 10 
14- 13 
18-19 
4- 5 
16-15 
17-18 
22-20 
100 
43-45 
ACCOUNTING FOR IEJDIRECZ-EXPENSES 
As a  r u l e  t h e  c r i t e r i o n  o f  minimum d i s c o u n t e d  c o s t s  f o r  sup -  
p l y i n g  t h e  t o t a l  e n e r g y  demand i s  u s e d  f o r  t h e  o p t i m i z a t i o n  o f  
t h e  e n e r g y  economy. Expenses  f o r  d e v e l o p i n g  r e l a t e d  i n d u s t r i e s  
a r e  t h e n  r e f l e c t e d  i n  t h e  p r i c e  o f  e n e r g y .  T h i s  i s  e f f e c t i v e  
o n l y  f o r  s h o r t - t e r m  p l a n n i n g ,  o r  on  c o n d i t i o n  t h a t  t h e  p r i c e s  
a r e  a d j u s t e d  i n  t h e  c o u r s e  o f  i t e r a t i v e  c o o r d i n a t i o n  o f  p l a n s  
o f  i n d i v i d u a l  i n d u s t r i e s  and  t h e  n a t i o n a l  economy a s  a  w h o l e .  
O t h e r w i s e ,  t h e  i n d i r e c t  e x p e n s e s  ( e s p e c i a l l y  i n d i r e c t  i n v e s t m e n t s )  
m u s t  b e  t a k e n  i n t o  a c c o u n t  e x p l i c i t l y .  
The s i m p l e s t  way t o  d o  s u c h  a c c o u n t i n g  is  by t h e  u s e  o f  ad -  
d i t i o n a l  c r i t e r i a  f o r  compar ing  t h e  v a r i a n t s ,  d i f f e r i n g  o n l y  
s l i g h t l y  f rom t h e  main c r i t e r i o n .  
F o r  example ,  l e t  u s  c o n s i d e r  t h e  two v a r i a n t s  o f  e n e r g y  sup-  
p l y  shown i n  T a b l e  2 .  I n  v a r i a n t  2 a n  a d d i t i o n a l  amount o f  a b o u t  
1 9 0  x l o 9  m3 o f  S i b e r i a n  g a s  i s  t r a n s f e r r e d  t o  t h e  European  p a r t  
Table 2. Energy supply v a r i a n t s  ( v a r i a n t  2 expressed 
a s  a  percentage of v a r i a n t  1. 
O i  1 
Gas-total  
i n c l .  S iber ian  gas  
Coa l - to ta l  
i n c l .  S i b e r i a n  a )  Kuznets coa l  
b) Kansk-Achinsk coal  
Nuclear power p l a n t s  
Transmission l i n e  from S i b e r i a  
Sum of discounted c o s t  
( o b j e c t i v e  func t ion)  
o f  t h e  c o u n t r y .  T h i s  makes it p o s s i b l e  t o  r e d u c e  t h e  o u t p u t  and  
t r a n s p o r t a t i o n  o f  S i b e r i a n  c o a l  and  a l s o  e l i m i n a t e s  t h e  need  f o r  
b u i l d i n g  t h e  h i g h - v o l t a g e  t r a n s m i s s i o n  l i n e  f rom S i b e r i a  t o  t h e  
c e n t e r  o f  t h e  c o u n t r y .  Both  v a r i a n t s  a r e  p r a c t i c a l l y  e q u a l  f rom 
t h e  p o i n t  o f  v iew o f  t h e  o b j e c t i v e  f u n c t i o n  o r  d i scoun t . ed  c o s t  
b u t  d i f f e r  i n  t h e i r  i n f l u e n c e  on r e l a t e d  i n d u s t r i e s .  The second  
v a r i a n t  r e q u i r e s  a n  i n c r e a s e  i n  t h e  p r o d u c t i v e  c a p a c i t i e s  o f  
r e l a t e d  i n d u s t r i e s  ( s p e c i f i c a l l y  f e r r o u s  m e t a l l u r g y ,  c o n s t r u c t i o n  
m a t e r i a l s ,  and machine  b u i l d i n g )  and  hence  a n  i n c r e a s e  i n  i n d i r e c t  
i n v e s t m e n t s  and manpower e x p e n s e s  ( T a b l e  3 ) .  
T a b l e  3. Addi t iona l  i n d i r e c t  i nves tmen t  and manpower 
r e q u i r e d  f o r  v a r i a n t  2 i n  T a b l e  2 .  
I 
I .  C a p i t a l  Investment  ( M i l l i o n  Rubles)  
F e r r o u s  I n d u s t r y  
Non-Ferrous I n d u s t r y  
C o n s t r u c t i o n  M a t e r i a l  I n d u s t r y  
Bu i ld ing  I n d u s t r y  
Machine Bu i ld ing  
Othe r  Branches 
11. Manpower (thousand of  man/year) 
For  Opera t ion  
For  C o n s t r u c t i o n  
CONCLUSIONS 
L a r g e - s c a l e ,  c a p i t a l - i n t e n s i v e  p rograms ,  s u c h  a s  t h e  p rogram 
f o r  t h e  a s s i m i l a t i o n  o f  S i b e r i a n  e n e r g y  r e s o u r c e s ,  s t r o n g l y  i n -  
f l u e n c e  t h e  deve lopment  o f  many b r a n c h e s  o f  t h e  n a t i o n a l  economy. 
C a p i t a l  i n v e s t m e n t  and o t h e r  e x p e n d i t u r e s  f o r  d e v e l o p i n g  t h e  
e n e r g y - r e l a t e d  b r a n c h e s  c a n  b e  r o u g h l y  e v a l u a t e d  w i t h  t h e  h e l p  
o f  a  s p e c i a l  i n t e r i n d u s t r i a l  dynamic  model,  b u i l t  up  i n  t h e  
S i b e r i a n  Power I n s t i t u t e .  A new v e r s i o n  o f  t h i s  model is  b e i n q  
d e s i g n e d  a t  IIASA f o r  e v a l u a t i o n  a n d  compar i son  o f  long- range  
e n e r g y  s t r a t e g i e s .  
I n  c o n d i t i o n a l  long- range  f o r e c a s t i n g ,  where  p r i c e s  and  con- 
s t r a i n t s  have  maximal u n c e r t a i n t y ,  t h e  minimum sum o f  d i r e c t  and  
i n d i r e c t  c a p i t a l  i n v e s t m e n t  and o t h e r  l i m i t e d  r e s o u r c e s  may b e  
c o n s i d e r e d  an  a d d i t i o n a l  c r i t e r i o n  f o r  compar ing  v a r i a n t s .  
Comparing s t r a t e g i e s  i n  t e r m s  o f  t h i s  a d d i t i o n a l  c r i t e r i o n  
i s  n o t  enough i n  c a s e s  o f  p a r t i c u l a r l y  s i g n i f i c a n t  c h a n g e s  i n  t h e  
s t r u c t u r e  o f  t h e  e n e r g y  b a l a n c e  o r  where  t h e r e  i s  a  r a p i d  t r a n s i -  
t i o n  t o  new c a p i t a l - i n t e n s i v e  e n e r g y  t e c h n o l o g i e s .  I n  t h e  p r o c e s s  
o f  o p t i m i z a t i o n ,  t h e  d i r e c t  and i n d i r e c t  p r o d u c t i o n  r e l a t i o n s h i p s  
o f  e n e r g y  s y s t e m s  w i t h  o t h e r  b r a n c h e s  mus t  be  t a k e n  i n t o  a c c o u n t  
by means o f  c o r r e c t i n g  t h e  o b j e c t i v e  f u n c t i o n  and  c o n s t r a i n t s  on 
t h e  u s e  o f  l i m i t e d  r e s o u r c e s .  Such an a p p r o a c h  f o r  a  p e r s p e c t i v e  
o f  more t h a n  2 0  y e a r s  i s  b e i n g  d e v e l o p e d  a t  IIASA. 

P h y s i c a l  and Mathematical  S imu la t i on  f o r  So lv ing  
Problems of Power System Func t i on ing  
Yu.M. Gorsky and Yu.S. Konovalov 
Large e l e c t r i c a l  power systems occupy an i m p ~ r t a n t  p l a c e  i n  
l a r g e - s c a l e  energy  systems 111. 
Two b a s i c  o r g a n i z i n g  p r o c e s s e s ,  namely, development and 
f u n c t i o n i n g ,  a r e  c h a r a c t e r i s t i c  o f  e l e c t r i c a l  power systems a s  
t he y  a r e  o f  l a r g e  p r o g r e s s i v e  sys tems .  Though t h e s e  p r o c e s s e s  
p roceed  s i d e  by s i d e ,  t h e r e  a r e  c e r t a i n  d i f f e r e n c e s  between them. 
I f  a  l a r g e - s c a l e  sys tem i s  d e s c r i b e d  by a  set  of  e lements  
N and a  number o f  connec t i on s  M, t h en  i t s  f u n c t i o n i n g  i s  t h e  
s o l u t i o n  t o  a  c e r t a i n  number o f  problems r e p r e s e n t e d  by a  tree 
of  problems f o r  a  g iven  N and Mq i n  t h e  system, and t h e  a t t a i n -  
4 
ment of c e r t a i n  o b j e c t i v e s  r e p r e s e n t e d  by a  tree o f  o b j e c t i v e s .  
A da p t a t i on  o f  t h e  system, i . e . ,  changes i n  i t s  p r o p e r t i e s ,  com- 
p o s i t i o n ,  and s t r u c t u r e ,  p roceeds  a t  a  compara t ive ly  r a p i d  r a t e ,  
w i t h i n  t h e  l i m i t s  of N and M . Development o f  t h e  sys tem t a k e s  
4 q 
p l a c e  l a r g e l y  th rough  an i n c r e a s e  i n  N and M, whereas  a d a p t a t i o n ,  
from t h e  v i ewpo in t  of t h e  development of t h e  problem, i s  a  s low 
p r o c e s s .  
Another  impor t an t  d i s t i n c t i o n  between f u n c t i o n i n g  and deve l -  
opment l i es  i n  t h e  c o n t r o l  o b j e c t i v e s .  The f u n c t i o n i n g  o b j e c t i v e s  
can be  b road ly  formula ted  and r e p r e s e n t e d  i n  mathemat ica l  l an -  
guage, wh i l e  t h e  development o b j e c t i v e s  i n  most c a s e s  prove t o  
be  " incomple te ly  de f i ned"  o r  " s u b j e c t i v e "  121. Because of t h i s ,  
t h e r e  i s  g r e a t  scope  f o r  p h y s i c a l  and mathemat ica l  s i m u l a t i o n  of  
e l e c t r i c  power sys tems  i n  normal o p e r a t i o n  and i n  emergency s i t u a -  
t i o n s .  
I n  t h i s  paper  w e  b r i e f l y  o u t l i n e  t h e  r e s e a r c h  conducted a t  
t h e  USSR S i b e r i a n  Power I n s t i t u t e  on such s i m u l a t i o n  methods 
a p p l i c a b l e  t o  t h e  s t udy  and c o n t r o l  o f  t r a n s i e n t  p r o c e s s e s  i n  
e l e c t r i c  power sys tems .  
SYSTEM INFOFU4ATION METHODS OF ANALYSIS 
The f u n c t i o n i n g  of  an e l e c t r i c  power system i s  d e s c r i b e d  by 
a t ree of problems and c o n t r o l  o b j e c t i v e s  a t t a i n e d  th rough  con- 
t r o l  a l g o r i t h m s  r e p r e s e n t e d  a s  a  tree of c o n t r o l  nodes ( F i g u r e  1 ) .  
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Figure 1. 
F o r  a  complex h i e r a r c h i c a l  sys tem t h e  s e t s  o f  o b j e c t i v e s  
and p rob lems  may b e  r e p r e s e n t e d  a s  g r a p h s  w i t h  a  p redominan t ly  
h i e r a r c h i c a l  o r d e r i n g  r a t h e r  t h a n  a s  t r e e s  b e c a u s e  t h e  s u b g o a l s  
may i n t e r a c t  and t h e  g o a l  may e f f e c t  t h e  s u b g o a l s .  
The c o n t r o l  nodes  f o r  f u n c t i o n i n g  f o l l o w  from t h e  d e s i g n  o f  
t h e  sys tem and may be e i t h e r  man-computer c o n t r o l  sys tems  o r  
a u t o m a t i c  c o n t r o l  complexes .  The p r i n c i p l e s  u n d e r l y i n g  t h e  d e s i g n  
o f  t h e  main e l e m e n t s  and u n i t s  o f  c u r r e n t  c o n t r o l  f o r  an i n t e -  
g r a t e d  n a t i o n a l  power sys tem a r e  examined i n  [ 3 ] .  
P e r c e p t i o n ,  r e c o g n i t i o n ,  p r e d i c t i o n ,  d e c i s i o n  making, and  
e x e c u t i o n  a r e  t h e  b a s i s  o f  any c o n t r o l .  A l l  t h e s e  p r o c e s s e s  
e x c e p t  t h e  l a s t  a r e  i n f o r m a t i v e .  An o r g a n i z a t i o n a l  v e r s i o n  o f  
t h e  i n f o r m a t i o n  t h e o r y  o f  c o n t r o l  and s i m u l a t i o n  i s  b e i n g  de- 
s i g n e d  f o r  a  q u a n t i t a t i v e  a n a l y s i s  o f  t h e s e  p r o c e s s e s  [ 2 , 4 , 5 , 6 ] .  
I t  c a n  b e  d e s c r i b e d  a s  f o l l o w s :  
- The f u n c t i o n i n g  o f  a  s y s t e m  i s  s t u d i e d  i n  r e l a t i o n  
t o  i t s  c o n t r o l  o b j e c t i v e s  which migh t  be  vague i n  
a  g e n e r a l  c a s e ;  
- I n f o r m a t i o n  f l o w s  a r e  e s t i m a t e d  b o t h  q u a n t i t a t i v e l y  
and q u a l i t a t i v e l y  i n  t e rms  o f  t h e i r  e f f e c t  on t h e  
a t t a i n m e n t  o f  o b j e c t i v e s ;  
- As regards the data conversion quality, the 
algorithms are estimated in terms of data trans- 
fer functions irrespective of whether a man or 
machine is converting the data; 
- Man or machine limitations for data conversion, 
due to a lack of adequate memory or speed, are 
taken into account in the efficiency factor. 
In this approach the degree of nonattainment of the ith 
objective may be represented as the index of lack of goal-oriented 
organization 
n- = f ( ~ . .  1 3 , i j ,  Y.. = $ ( q  , E .  . )  
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where n is the number of situations; pi is the probability of the 
jth situation; Ti is the disorder of functioning in the jth situa- 
J 
tion as regards the ith objective; I) is a function representing 
the effect of the parameter of lack of organization; w; is the 
J 
weight of the jth gituation in relation to other situations with 
the same function I); qi is the difference between the system 
state vector and the objective vector; 5, is the magnitude of the 
J 
vector of distance from the internal boundary of the objective 
domain to the objective vector; and W, is a time relation describ- 
C 
ing, for instance, aftereffects, lag, and accumulation. 
For a wide class of systems, in a limited time interval in 
which Wt = 1 ,  the following relation of the lack of organization 
of the dth objective and the lack of organization of its related 
subgoals [ 5 ]  can be established: 
-,(m+l)= 
(c)d - 'd ('-'to (ex) 
6 (m) 
(l'k+l'(ex) k+l 'kt1 - 'kt2 (ex) k+2'k+2 
- 
... 
- -(m) j 
'nO(ex)nPn 'd = + a2Zefd~ , 
where z ( ~ )  is the lack of organization as regards the ith ob- (ex) i 
jective of the mth level expressed in terms of the index of the 
dth objective; Zd is the organization factor of the dth objective; 
pi is the coefficient of relative influence of cim) on E ( ~ + ~ )  - (ex) i (ex) d' 
yi is the coefficient of inverse effect of the lack of organiza- 
tion of dth objective on the lack of organization in the ith 
objective and the effect of other subgoals of the mth level on 
it; ZefdB is the coefficient of the effectiveness of the node 8 
responsible for attainment of the dth objective; Lea are equiva- 
lent converting properties of the algorithms used in the node 8; 
'lea is the equivalent information efficiency of the node 0 show- 
ing the extent to which its algorithm is used; nvR is the reli- 
d 
ability index for decisions made in the executive units of the 
0th control node; Z B  is the amount of value-weighted information 
fed to the input of the 8th control node; yid is the coefficient 
of inverse effect of the dth objective on the ith subgoal; and 
yil is the coefficient of interaction of the ith subgoals. 
System information methods have found application only re- 
cently in the analysis of the functioning of electrical power 
systems. The research in the Irkutsk hydropower station is one 
of the first applications of system information methods for ana- 
lyzing power system functioning. For normal operation, a tree 
of about 150 objectives was constructed with four hierarchy levels; 
the main information flows were identified and quantitatively 
estimated. The levels were selected to suit the existing hier- 
archy of control nodes in power stations. 
Further extensions of system information methods include 
principles for the conversion of complex objective graphs into 
pure trees, for the projection of subgoals at the level of a 
goal and for inverse projection, namely, projecting a goal at the 
level of a subgoal, etc. 
System information methods may prove to be of use not only 
for analyzing the functioning of large systems of different types, 
but also for analyzing a number of problems in the development of 
large-scale systems. 
STUDY OF POWER SYSTEMS OPERATION IN A HYBRID COMPUTING SYSTEM 
Hybrid (i.e., a combination of digital and analog computa- 
tion) is a promising trend in computing technology. When com- 
bined vith a physical model it seems especially promising for 
s t u d y i n g  t h e  t r a n s i e n t  p r o c e s s e s  i n  e l e c t r i c a l  power s y s t e m s  [ 7 ] .  
W e  have  a l r e a d y  g a i n e d  some e x p e r i e n c e  i n  t h e  development  o f  
h y b r i d  s y s t e m s  and t h e i r  a p p l i c a t i o n s  i n  r e s e a r c h .  
B r i e f  D e s c r i p t i o n  of t h e  Hybrid-computer-Physical  Model System 
The sys tem c o n s i s t s  o f  a  d i g i t a l  computer ,  a n a l o g  compute r s ,  
an  e l e c t r o d y n a m i c  model,  and v a r i o u s  i n t e r f a c e s  [ 8 ] .  The elec- 
t rodynamic  model c o n t a i n s  seven  s i m u l a t i o n  synchronous  g e n e r a t o r s .  
To c o n t r o l  t h e i r  r a t e  and e x c i t a t i o n ,  s i m u l a t i o n  c o n t r o l l e r s ,  o r  
s p e c i a l  p u r p o s e  a n a l o g  compute r s ,  a r e  u s e d .  The compensa to rs  
a r e  s i m u l a t e d  by e i g h t  3  kVA power b l o c k s .  Busbars  o f  " i n f i n i t e "  
c a p a c i t y  a r e  s i m u l a t e d  by a  u n i t  c o n s i s t i n g  o f  a  875 kVA synchro-  
nous  g e n e r a t o r  r a t e d  f o r  3.15 kV, coup led  w i t h  a  360 kW synchronous  
motor  and a  l i n k  between t h e  model and t h e  6  kV mains  th rough  a n  
i n d u c t i o n  v o l t a g e  r e g u l a t o r .  
The model c a n  s i m u l a t e  10,000 km l o n g  t r a n s m i s s i o n  l i n e s  
c a r r y i n g  220 t o  700 kV. I t  can  a l s o  s i m u l a t e  t h e i r  f r e q u e n c y  
dependence up t o  t h e  s e v e n t h  harmonic  s i m u l a t i o n  by s e l e c t i n g  t h e  
s i z e s  o f  p h a s e  c o i l s  and by u s i n g  two RL c i r c u i t s  f o r  t h e  ground 
w i r e  r e s i s t a n c e .  The s i m u l a t e d  t r a n s m i s s i o n  l i n e s  have  f a c i l i t i e s  
f o r  l o n g i t u d i n a l  and t r a n s v e r s e  compensa t ion .  
S i m u l a t e d  1 .6  and 10 kVA s i n g l e - p h a s e  t r a n s f o r m e r s ,  and 5  
and 30 kVA t h r e e - p h a s e  t r a n s f o r m e r s  have a  wide  c o n t r o l  r a n g e  
b o t h  on t h e  s t e p - u p  and step-down s i d e s .  The 1 .6  kVA t r a n s f o r m e r  
c a n  s i m u l a t e  a l l  b a s i c  p a r a m e t e r s  o f  l a r g e  power t r a n s f o r m e r s  
i n c l u d i n g  i d l i n g  c h a r a c t e r i s t i c s  [ 91 .  
To s i m u l a t e  t h e  l o a d  nodes  t h e  model i n c l u d e s  s e v e n  cage  
m o t o r s ,  t h r e e  r o t a r y  f i e l d  motors ,  and f i v e  r e c t i f i e r s  and v a r i -  
a b l e  r e s i s t o r s .  
The model is q u i c k l y  s w i t c h e d  o n  and o f f  by h i g h - v o l t a g e  con- 
t a c t o r s .  I t  i s  c o n t r o l l e d  and t h e  p r o c e s s  p a r a m e t e r s  a r e  r e c o r d e d  
i n  a  p a n e l  c a r r y i n g  a l l  t h e  tes t  c i r c u i t s  and remote  c o n t r o l s .  
The d i g i t a l - a n a l o g  p a r t  i n c l u d e s  t h e  d i g i t a l  c o n t r o l  computer  and 
t h e  a n a l o g  computer .  The comput ing p a r t  c a n  b e  c o n n e c t e d  t o  
a c t u a l  ha rdware  such  a s  r e g u l a t o r s  and a c t u a t o r s  [ l o ] .  
The d a t a  c o l l e c t i o n  and i n f o r m a t i o n  d i s p l a y  sys tem c o n s i s t s  
o f :  e l e c t r i c a l  s e n s o r s  which c o n v e r t  model p a r a m e t e r s  i n t o  nor -  
m a l i z e d  e l e c t r i c a l  s i g n a l s ;  commutation f i e l d s  f o r  s e l e c t i n g  t h e  
d e s i r e d  p a r a m e t e r s  i n t e n d e d  f o r  d i s p l a y  and r e c o r d i n g ;  s w i t c h -  
b o a r d s  f o r  m o n i t o r i n g  s i g n a l s  from s e n s o r s  f o r  o b s e r v a t i o n  and 
r e c o r d i n g ;  r e a d - o u t s  o f  c o n d i t i o n s  i n  e l e m e n t s  ( o s c i l l o g r a p h s ,  
i n s t r u m e n t a t i o n ) ;  a  u n i t  f o r  r e c o r d i n g  t h e  t r a n s i e n t  p r o c e s s e s  
( m u l t i - o u t p u t  r e c o r d i n g  o s c i l l o s c o p e ) ;  and a  u n i t  f o r  complex 
d a t a  p r o c e s s i n g  and c e n t r a l i z e d  r e c o r d i n g .  
A l l  d a t a  c o l l e c t i o n ,  d i s p l a y ,  and r e c o r d i n g  a r e  c o n t r o l l e d  
from t h e  p a n e l  by means o f  a  c o n t r o l  computer .  The d a t a  c o l l e c -  
t i o n  s y s t e m  i s  c l o s e l y  t i e d  up w i t h  t h e  model mode c o n t r o l  sys tem.  
The o p e r a t i n g  modes o f  a l l  e l e m e n t s  a r e  c o n t r o l l e d  from t h e  p a n e l .  
For  smooth t a k e  o v e r  o f  c o n t r o l  by t h e  o p e r a t o r  from t h e  computer 
o r  by t h e  computer  from t h e  o p e r a t o r  and f o r  i n c r e a s i n g  t h e  pro-  
c e s s i n g  r a t e s ,  t h e  g e n e r a t o r s  and motor a r e  c o n t r o l l e d  by s t a b i l i -  
z a t i o n  u n i t s .  
A n a l o g - t o - d i g i t a l  and d i g i t a l - t o - a n a l o g  c o n v e r t e r s  w e r e  
g i v e n  much a t t e n t i o n  i n  d e v e l o p i n g  t h e  sys tem [ a ] .  
Automation of  Exper iments  
The sys tem c a n  o p e r a t e  i n  any o f  t h e  t h r e e  modes: e l e c t r o -  
dynamic s i m u l a t i o n ;  mathemat ica l  s i m u l a t i o n  i n  t h e  a n a l o g  and 
d i g i t a l  p a r t s ;  o r  p h y s i c a l  s i m u l a t i o n  s i m u l t a n e o u s l y  i n  a n a l o g  
and i n  d i g i t a l  p a r t s .  
A s  r e g a r d s  au tomat ion  t h e  e x p e r i m e n t s  c a n  be  d i v i d e d  i n t o  
a  number o f  m u t u a l l y  i n t e r r e l a t e d  s t a g e s :  ( I )  p r e p a r a t i o n ,  (11) 
tes ts ,  (111) e x p e r i m e n t  p r o p e r ,  and ( I V )  p r o c e s s i n g  o f  r e s u l t s .  
S p e c i a l  p u r p o s e  sys tems  and s u f f i c i e n t l y  m u l t i p u r p o s e  s o f t -  
ware  a r e  needed f o r  t h e  s u c c e s s f u l  r e a l i z a t i o n  of  t h e s e  f o u r  
s t a g e s .  
A t  s t a g e s  I and 11: ( a )  t h e  a c t u a l  e l e c t r i c  power sys tem 
i s  r e p r e s e n t e d  by  a n  e q u i v a l e n t  c i r c u i t  s u i t a b l e  f o r  s i m u l a t i o n  
on t h e  a v a i l a b l e  hardware;  and ( b )  tests a r e  performed:  t o  check 
w h e t h e r  t h e  c h a r a c t e r i s t i c s  o f  g e n e r a t o r s ,  t r a n s f o r m e r s ,  and  
l i n e s  c o r r e s p o n d  t o  t h o s e  o f  t h e  e l e m e n t s  i n  t h e  e q u i v a l e n t  c i r -  
c u i t ,  e t c .  and t o  check t h e  model a s  a  whole  i n  o r d e r  t o  v e r i f y  
w h e t h e r  i t s  b e h a v i o r  c h a r a c t e r i s t i c s  c o r r e s p o n d  t o  t h o s e  o f  t h e  
e q u i v a l e n t  c i r c u i t  ( v o l t a g e  l e v e l s  i n  t h e  n o d e s ,  e x c e s s  c u r r e n t s  
i n  t h e  l i n e s ,  etc . )  . 
The m u l t i p u r p o s e  computer programs used a t  t h e  p r e p a r a t o r y  
s t a g e  i n c l u d e  a  program t o  s t u d y  t h e  f e a s i b i l i t y  o f  making an 
e q u i v a l e n t  c i r c u i t ;  a  proqram t o  compute e q u i v a l e n t  p a r a m e t e r s  
o f  t h e  " c o n t r a c t e d "  c i r c u i t  and t o  s e l e c t  t h e  s i m u l a t i n g  ha rd-  
ware;  and a  program t o  compute t h e  t es t  reg imes  o f  e l e m e n t s  and 
t h e  e n t i r e  c i r c u i t .  
The tests a r e  automated a s  f a r  a s  p o s s i b l e  by u s i n g  t h e  f o l -  
lowing c o n t r o l  computer  programs f o r :  
( a )  S e t t i n g  t h e  p h y s i c a l  model c a p a c i t y  o v e r f l o w s  s o  a s  
t o  o b t a i n  t h e  d e s i r e d  c o n d i t i o n  b e f o r e  t h e  e x p e r i -  
ment;  
( b )  T h r e e  v e r s i o n s  o f  t h e  s e n s o r  i n t e r r o g a t i o n  program 
t o  c o l l e c t  q u i c k l y  t h e  d a t a  on  t h e  s t a t e  o f  t h e  
e l e c t r o d y n a m i c  model and  t o  o b t a i n  a  p r e l i m i n a r y  
e s t i m a t e  o f  t h e  c o n d i t i o n  t h e r e ;  
(c )  S e t t i n g  t h e  v a r i a b l e  l o a d  s o  a s  t o  c o n t r o l  t h e  
a u t o m a t i c  l o a d  u n i t .  
I t e m s  ( b )  and ( c )  above a r e  proqrams o f  t h e  c o n t r o l  computer  
and i n c l u d e  a  number o f  subprograms,  e . g . ,  t h e  s e n s o r  i n t e r r o g a -  
t i o n  program. I t  would b e  very  d i f f i c u l t  o r  even  i m p o s s i b l e  f o r  
t h e  sys tem t o  o p e r a t e  w i t h o u t  s p e c i a l  purpose  u n i t s  g e n e r a t i n g  
and implement ing c o n t r o l  a c t i o n s  on sys tem e l e m e n t s ,  e - g . ,  mode 
s t a b i l i z a t i o n  and a t t a i n m e n t  u n i t s .  
Many e l e c t r o d y n a m i c  s i m u l a t i o n  e x p e r i m e n t s  have  t o  be r e -  
p e a t e d  w i t h  t h e  same mode of t h e  system under  s t u d y .  To a t t a i n  
t h e  d e s i r e d  mode, c o n t i n u o u s  a c t i o n  on r a t e  and e x c i t a t i o n  regu-  
l a t o r s  o f  s i m u l a t e d  g e n e r a t o r s  i s  needed.  When t h e  c i r c u i t  i s  
c o m p l i c a t e d  ( i . e . ,  t h e r e  a r e  s e v e r a l  machines)  t h i s  becomes a  
l a b o r  consuming and i n e f f e c t i v e  o p e r a t i o n ,  because  much t ime  i s  
needed f o r  a  synchronous c i r c u i t  t o  a t t a i n  a  mode ( 1 5  t o  30 
minutes  f o r  a  s ix-machine c i r c u i t )  and,  more i m p o r t a n t ,  t h e  syn- 
chronous dynamic s t a b i l i t y  may be  d i s t u r b e d  because  t h e  s t a t i c  
l i m i t  may be v i o l a t e d  if t h e  mode is  c l o s e  t o  t h o s e  l i m i t s .  
An a u t o m a t i c  sys tem i s  a v a i l a b l e  f o r  c o n t r o l l i n g  t h e  power 
of  an asynchronous  s i m u l a t e d  l o a d  a c c o r d i n g  t o  a  g i v e n  s c h e d u l e  
[ I l l .  The methods and programs f o r  t h e  e x p e r i m e n t  i t s e l f  a r e  
d e s c r i b e d  i n  d e t a i l  i n  [ I  21 . 
DIGITAL AND ADAPTIVE METHODS OF DIRECT CONTROL 
D i g i t a l  methods of d a t a  c o n v e r s i o n  and a d a p t a t i o n  p r i n c i p l e s  
have been shown t o  p l a y  a n  i m p o r t a n t  r o l e  b o t h  a t  lower and upper  
l e v e l s  o f  t h e  h i e r a r c h i a l  c o n t r o l l i n g  e l e c t r i c  power s y s t e m s ,  
i . e . ,  a t  l e v e l s  o f  d i r e c t  p r o c e s s  c o n t r o l  [31.  
S e v e r a l  g e n e r a t i o n s  o f  d i g i t a l  and h y b r i d  r e g u l a t o r s  have 
been deve loped  f o r  t h e  e x c i t a t i o n  of synchronous g e n e r a t o r s  [ 1 2 ] .  
One such  r e g u l a t o r  h a s  been s u c c e s s f u l l y  t e s t e d  i n  t h e  B r a t s k  
hydropower s t a t i o n  [131. These tes ts  were p receded  by s t u d i e s  
o f  t h e  p r i n c i p l e s  u n d e r l y i n g  d i g i t a l  c o n t r o l  by a  d i g i t a l - a n a l o g -  
p h y s i c a l  combina t ion .  The l a t e s t  specimens of  d i g i t a l  e x c i t a -  
t i o n  r e g u l a t o r s  a r e  h y b r i d s  b u i l t  on an LSI-base w i t h  a s t r u c t u r e  
r e a r r a n g e a b l e  by i n s t r u c t i o n s  from a  h i g h e r  e c h e l o n  o f  c o n t r o l ,  
and a  s e l f - m o n i t o r i n g  sys tem.  They c a n  g e n e r a l i z e  (condense)  t h e  
i n p u t  d a t a .  
A d a p t a t i o n  a l g o r i t h m s  and t h e i r  mock-ups [ I41  p e r m i t  t h e  
a u t o m a t i c  o p t i m i z a t i o n  o f  t h e  dynamic p r o p e r t i e s  o f  sys tems  d u r i n g  
o p e r a t i o n - - l a r g e  d i s t u r b a n c e s  a r e  s u p p r e s s e d .  A d a p t a t i o n  c r i t e r i a  
a r e  i n t e g r a l  e s t i m a t e s  of  t h e  weigh ted  d i f f e r e n c e  of  e r r o r s  i n  
ampl i tude- f requency  o r  ampli tude-phase f r e q u e n c y  dynamic r e s p o n s e s  
1141 
where a .  is  a  s i g n - v a r i a b l e  weigh t  ( s i g n i f i c a n c e )  o f  t h e  i t h  
1 (t) 
p o r t i o n  o f  t h e  f requency  r e s p o n s e ,  t h e r e b y  r e p r e s e n t i n g  t h e  s i g -  
n i f i c a n c e  f o r  a d a p t a t i o n  o f  t h e  v a r y i n g  mismatch i n  d i f f e r e n t  p a r t s  
of  t h e  f requency  r e s p o n s e ;  A ( @ )  , W ( jw)  a r e  dynamic ampl i tude-  
f requency  and ampli tude-phase-frequency r e s p o n s e s ,  r e s p e c t i v e l y :  
and A r e f ( u ) ,  Wref( ju)  a r e  t h e  s e t - p o i n t s  o f  ampl i tude- f requency  
and ampli tude-phase-frequency r e s p o n s e s  r e s p e c t i v e l y .  
I t  s h o u l d  be  emphasized t h a t  h e r e  w e  mean t h o s e  dynamic f r e -  
quency r e s p o n s e s  t h a t  r e s u l t  from c o n t i n u o u s  v a r i a t i o n s  i n  f r e -  
quency,  o r  a r e  o b t a i n e d  w i t h i n  5 t o  20 seconds .  
The a d a p t a t i o n  a l g o r i t h m s  were s t u d i e d  w i t h  t h e  u s e  o f  t h e  
d i g i t a l - a n a l o g - p h y s i c a l  combina t ion  i n  automated e x p e r i m e n t s .  
DIAGNOSIS AND ESTIMATION O F  MODES I N  ELECTRIC POWER SYSTEhlS 
With t h e  i n c r e a s i n g  complex i ty  o f  e l e c t r i c  power sys tems  
and t h e  i n c r e a s i n g  r e q u i r e m e n t s  f o r  t h e i r  r e l i a b i l i t y  and con- 
t r o l l a b i l i t y ,  t h e  need a r i s e s  f o r  supp lementa ry  i n f o r m a t i o n  b o t h  
f o r  t h e  p r e v e n t i o n  of  emergenc ies  and f o r  t h e  d e t e r m i n a t i o n  of  
t h e  s t a t e  from i n a d e q u a t e  d a t a .  
D i a g n o s i s  
E x i s t i n g  methods o f  f a s t  d i a g n o s i s  used f o r  t h e  i d e n t i f i c a -  
t i o n  o f  modes i n  e l e c t r i c  power sys tems  can  b e  d i v i d e d  i n t o  t h r e e  
main t e c h n i q u e s  a s  r e g a r d s  t h e  p a r a m e t e r s  measured: measurement 
o f  averaged  mode p a r a m e t e r s ,  such  a s  v o l t a g e ,  c u r r e n t ,  power,  
v e c t o r  s h i f t  a n g l e ,  and f requency ;  f a s t  measurement o f  f r e q u e n c y  
r e s p o n s e s  which a r e  g e n e r a l i z e d  i n d i c e s  of dynamic p r o p e r t i e s  f o r  
a n  electr ic  power sys tem;  and measurement of  t h e  shape  o f  p e r i -  
o d i c  s i g n a l s .  
The f i r s t  t e c h n i q u e  i s  a l r e a d y  i n  u s e  i n  electric power s y s -  
tems.  The second  is  promis ing  b u t  s t i l l  n o t  i n  u s e  because  it 
r e q u i r e s  a u t o m a t i c  measurements i n  5 t o  30 seconds  o f  ampl i tude-  
f requency  r e s p o n s e s  of  sys tem p a r t s  d u r i n g  normal  o p e r a t i o n .  
These a r e  a c t u a l l y  dynamic r a t h e r  t h a n  t h e  c o n v e n t i o n a l  f requency  
r e s p o n s e s ;  t h e y  a r e  de te rmined  when d i s t u r b a n c e s  a r e  f e d  w i t h  a  
f requency  v a r i a t i o n  a c c o r d i n g  t o  a s p e c i f i e d  law i n  a  s p e c i f i e d  
f requency  r a n g e  1141 .  The f e a s i b i l i t y  of  o b t a i n i n g  dynamic f r e -  
quency r e s p o n s e s  i n  a c t u a l  c o n d i t i o n s  was v e r i f i e d  a t  t h e  B r a t s k  
hydropower s t a t i o n  [ 1 5 ] .  The hardware deve loped  i n  a  j o i n t  p r o j -  
ect w i t h  t h e  Czechoslovak Academy o f  S c i e n c e s  [ 1 6 ]  may s e r v e  a s  
t h e  c o r e  f o r  s u p e r v i s i n g  t h e  dynamic p r o p e r t i e s  i n  electric power 
sys tems .  
The d i a g n o s t i c  t e c h n i q u e ,  where t h e  c r i t e r i o n  i s  t h e  s h a p e  
o f  t h e  p e r i o d i c  s i g n a l ,  i s  a l s o  v e r y  p r o m i s i n g  b u t  h a s  n o t  b e e n  
w i d e l y  a p p l i e d  i n  e l e c t r i c  power s y s t e m s  a l t h o u g h  e x t e n s i v e  work 
h a s  been  c a r r i e d  o u t  on hardware  f o r  measur ing  t h e  i n d i c e s  o f  
s h a p e s  and o n  t h e  i n t r o d u c t i o n  o f  such  s i g n a l s  i n t o  d i g i t a l  com- 
p u t e r s .  For  an example o f  s u c h  work [ 171 . 
E s t i m a t i o n  
Incomple te  o b s e r v a b i l i t y  o f  an e l e c t r i c  power sys tem,  r e l a -  
t i v e l y  low a c c u r a c y  o f  remote  measurements i n  a c t u a l  e l e c t r i c  
power s y s t e m s ,  and n o i s e  i n  communication c h a n n e l s  c a l l  f o r  new 
ways o f  o b t a i n i n g  a d d i t i o n a l  d a t a .  These c a n  b e  o b t a i n e d  t h r o u g h  
e s t i m a t i o n  o r  from s t a t i s t i c a l  computer  p r o c e s s i n g  o f  p r e s e n t  day 
measurements  [ 1 8 ] .  N u l t i p u r p o s e  compute r s  and d i g i t a l - a n a l o g -  
p h y s i c a l  f a c i l i t i e s  c a n  be  c o n v e n i e n t l y  used  f o r  t h i s ,  s i n c e  t h e y  
c a n  s i m u l a t e  t h e  e s t i m a t i o n  o f  s t a t e s  w i t h  due  r e g a r d  f o r  d a t a  
s e n s o r s  and t h e  e f f e c t  o f  n o i s e .  The a c c u r a c y  o f  t h e  measurement 
sys tem s h o u l d  be  checked ,  t h e  v e c t o r  o f  measurements  s h o u l d  b e  
d e t e r m i n e d  w i t h  s u b s e q u e n t  p r o c e s s i n g  o f  t h e  r e s u l t i n g  measure- 
ments ,  t h e  e f f e c t  o f  t h e  sequence  i n  which t h e  u n i t s  a r e  i n t e r -  
r o g a t e d  on t h e  r e s u l t i n g  e s t i m a t e s  s h o u l d  be d e t e r m i n e d ,  e t c .  
STUDY OF EMERGENCY PREVENTION SYSTEMS 
The c a r r y i n g  c a p a c i t y  o f  e x i s t i n g  t r a n s m i s s i o n  l i n e s  i s  
somet imes n o t  a d e q u a t e  t o  meet p lanned  o r  maximal emergency ca -  
p a c i t y  c r e a t e d  by t h e  power f e e d  from new l a r g e - c a p a c i t y  s t a t i o n s .  
The s t a b i l i t y  o f  t h e  p a r a l l e l  o p e r a t i o n  o f  power s t a t i o n s  c a n  b e  
improved by emergency dismemberment o f  t h e  s y s t e m ;  shut-down o f  
some g e n e r a t o r s  i n  hydropower s t a t i o n s ;  b o o s t e d  e x c i t a t i o n ;  s h u t -  
down o f  s h u n t i n g  r e a c t o r s  a t  s w i t c h i n g  p o i n t s ,  e t c .  
The emergency p r e v e n t i o n  f a c i l i t i e s  s h o u l d  b e  c a p a b l e  o f  
a u t o m a t i c  emergency c o n t r o l  o f  a c t i v e  c a p a c i t y  i n  o r d e r  t o  main- 
t a i n  s t a b i l i t y ;  a u t o m a t i c  l i m i t a t i o n  of f r e q u e n c y  i n c r e a s e ;  a u t o -  
m a t i c  c u t o u t  o f  asynchronous o p e r a t i o n ;  and p r c . t e c t i o n  a g a i n s t  
v o l t a g e  i n c r e a s e .  
To d e t e r m i n e  t h e  d a t a  on t h e  c i r c u i t  and t h e  mode i n  t h e  g r i d ,  
and t o  u s e  t h e s e  d a t a  t o  a c t i v a t e  t h e  main c o n t r o l s  f o r  e x p e c t e d  
e m e r g e n c i e s ,  r e q u i r e s  t h e  deve lopment  o f  d i g i t a l  comput ing l o g i c  
d e v i c e s .  B e f o r e  a n  emergency a r i s e s  t h e s e  d e v i c e s  must compute 
t h e  n e c e s s a r y  a c t i o n s  f o r  a l l  s t a r t  up u n i t s  and p r e p a r e  t h e  
a p p r o p r i a t e  o u t p u t  c i r c u i t s .  The d a t a  i n p u t  and o u t p u t  s h o u l d  b e  
d i g i t a l  i n  o r d e r  t o  c r e a t e  remote  l i n k s  w i t h  compute r s  a t  a  h i g h e r  
c o n t r o l  l e v e l .  These q u e s t i o n s  a r e  s t u d i e d  i n  t h e  d i g i t a l - a n a l o g -  
p h y s i c a l  combina t ion  w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  E a s t e r n  p a r t  
o f  t h e  S i b e r i a n  Power System, and t h e  commissioning o f  t h e  U s t -  
I l i m s k  hydropower s t a t i o n  where b o t h  t h e  g e n e r a t i n g  equ ipment  and 
t h e  t r a n s m i s s i o n  l i n e s  a r e  t o  be  i n t r o d u c e d  i n  s t a g e s .  A t  t h e  
f i r s t  s t a g e ,  t h r e e  g e n e r a t o r s  w i l l  s u p p l y  t h e  b u s b a r s  o f  t h e  
B r a t s k  s t a t i o n  t h r o u g h  two 220  kV t r a n s m i s s i o n  l i n e s  and,  a t  t h e  
second ,  th rough  two 500 kV c i r c u i t s .  Thus i t  was n e c e s s a r y  
( a )  t o  d e t e r m i n e  t h e  s t a t i c  l i m i t s  of  t r a n s m i s s i o n  th rough  220 
kV l i n e s  w i t h  s t r o n g  and p r o p o r t i o n a l  a c t i o n  c o n t r o l l e r s  i n  t h e  
g e n e r a t o r s  a t  t h e  Us t - I l imsk  s t a t i o n - - o n e -  and t w o - c i r c u i t  op- 
t i o n s  were  s t u d i e d ;  and ( b )  t o  d e t e r m i n e  dynamic l i m i t s  o f  t h e  
same l i n e s  w i t h  t h e  same c o n t r o l l e r s .  
An e x p e r i m e n t a l  c i r c u i t  was s e t  up i n  t h e  e l e c t r o d y n a m i c  
model t o  s i m u l a t e  t h e  B r a t s k  and t h e  U s t - I l i m s k  s t a t i o n s .  The 
fo rmer  compr i sed  t h r e e  s i m u l a t e d  g e n e r a t o r s  and t h e  l a t t e r  one .  
The t r a n s m i s s i o n  l i n e s  were  found c a p a b l e  o f  t r a n s m i t t i n g  t h e  
power o f  t h r e e  g e n e r a t o r s  a t  t h e  Us t - I l imsk  s t a t i o n  t o  t h e  v i c i n -  
i t y  o f  B r a t s k  c i t y ,  and l i m i t s  were  de te rmined  f o r  t h e  power t o  
be  t r a n s m i t t e d  and f o r  dynamic s t a b i l i t y .  The g e n e r a t o r s  were  
found t o  r e s y n c h r o n i z e  r a p i d l y  a t  a  g i v e n  power t r a n s m i s s i o n  l e v e l  
f o r  a  two-phase s h o r t  c i r c u i t .  
Approaches  t o  t h e  Design . - . -. - . o f  a  S u p e r v i s o r ' s  Advisor  i n  Emergency 
S i t u a t i o n s  
I n  e l e c t r i c  power s y s t e m s ,  d e v e l o p i n g  reg imes  c a n  a r i s e  when 
p r o t e c t i o n  and emergency p r e v e n t i o n  d e v i c e s  f a i l  o r  m a l f u n c t i o n  
and t h e  i n t e r f e r e n c e  o f  t h e  s u p e r v i s o r  is  needed.  I t  is  n o t  
p o s s i b l e  f o r  t h e  s u p e r v i s o r s  t o  d e t e c t  such s i t u a t i o n s  and s e l e c t  
programs f o r  t h e i r  e l i m i n a t i o n  b e c a u s e  d a t a  and t i m e  a r e  s h o r t .  
A  computer  a d v i s o r  may prove  u s e f u l  and s h o u l d  pe r fo rm f o u r  func-  
t i o n s :  d e t e r m i n e  t h e  s y s t e m  s t a t e  on t h e  g raph  o f  p o s s i b l e  emer- 
g e n c i e s ;  d e t e r m i n e  t h e  p r e f e r r e d  p o l i c i e s  f o r  t h e  s p e c i f i e d  o b j e c -  
t i v e s ;  f o r e c a s t  f l u c t u a t i o n s  i n  t h e  sys tem between two q u a l i t a -  
t i v e l y  d i f f e r e n t  s t a t e s ;  and o p t i m i z e  t h e  c o n t r o l  a c t i o n .  I t  i s  
a l s o  d e s i r a b l e  t h a t  t h e  s u p e r v i s o r  b e  a b l e  t o  t r a n s f e r  h i s  e x p e r i -  
e n c e  and i n t u i t i o n  i n  r e c o g n i z i n g  and s e l e c t i n g  p o l i c i e s .  F o r  
t h i s  p u r p o s e  r e c o g n i t i o n  and c o n t r o l  s e l e c t i o n  methods were d e v e l -  
oped i n  l o g i c  c i r c u i t s ,  u s i n g  r e v e r s a l  l o g i c  models [ 1 9 ] .  The 
d e v e l o p i n g  p r o c e s s e s  w i t h  t r a n s i t i o n s  t o  q u a l i t a t i v e l y  d i f f e r e n -  
t i a b l e  s t a t e s  c a n  b e  d e s c r i b e d  a s  a  Moore 's  p r o b a b i l i s t i c  f i n i t e  
a u t o m a t i o n  w i t h o u t  l o o p s  i n  t h e  s p a c e  o f  g e n e r a l i z e d  c a u s e  
X ( X ,  , x 2 , .  . . ) , g e n e r a l i z e d  c r i t e r i a  y  ( y l ,  y 2 ,  . . . , y k )  and  s t a t e s  t x n  
A ( a l , a 2 ,  ..., a m ) ,  and i t s  f u n c t i o n i n g  was d e f i n e d  by t r a n s i t i o n  
o p e r a t o r s  f  and o u t p u t  o p e r a t o r s  @ .  
The s t u d i e s  conf i rmed  t h e  u t i l i t y  o f  t h e s e  programs and 
t w o - l e v e l  models where  o n e  l e v e l  s i m u l a t e s  q u a l i t a t i v e  malfunc-  
t i o n s  and t h e  o t h e r  f u n c t i o n a l  breakdowns. The a d v i s o r  needs  t o  
b e  c o m p a t i b l e  w i t h  a  h y b r i d  computer .  
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Energy Accounting 
- 
F. Niehaus 
The basis for determining the optimal energy supply strategy 
for the rapid industrialization of a large region like Siberia 
is the exact calculation of the energy demand for the building 
and operation of the facilities. In a positive feedback loop 
the rapid growth of energy systems creates an energy demand. 
Calculating the demand is an important task of the IIASA 
approach to energy systems. As shown in Table 1, IIASA concen- 
trates on three approaches to calculating the demand for energy 
Table 1. IIASA's approach to calculating demands. 
The time period for the possible application of the various meth- 
ods overlaps. The reliability of econometric calculations is 
limited to a time span of about 5-15 years as they use constant 
or extrapolated econometric relationships. The implementation 
of new energy systems or the development of new large-scale in- 
dustries on the regional or national level will alter these param- 
eters considerably. On a medium scale of 10-30 years, improved 
data can be obtained by energy analysis. Long-term calculations 
of the demand models are being constructed, which will allow one 
to explain endogenously the parameters that influence the rates 
of energy consumption. 
Approach 
Econometric Calculations 
Energy Analysis 
Endogenization of Growth Models 
The term "energy analysis" describes methods for calculating 
the total energy needed to produce a unit of a consumption good; 
that is, in the case of power plants, to calculate the total en- 
ergy balance or "budget" of energy facilities [ I ,  2 1 .  
Time Scope 
(years) 
5 - 15 
10 - 3 0  
20 - 50 
F i g u r e  1 d e s c r i b e s  some b a s i c  p rob lems  and i m p l i c a t i o n s  
u s i n g  a  s i m p l e  example .  G e n e r a l l y ,  two a p p r o a c h e s  a r e  b e i n g  
Figure I .  Oefinition of systc.ms 3 r d  rnc%rgy i111,ut. 
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i n v e s t i g a t e d  by IIASA [ 3 , 4 ] .  L e t  u s  d e a l  w i t h  t h e  b r a n c h  o f  
i n d u s t r y  d e s c r i b e d  i n  F i g u r e  1. T h i s  i n d u s t r y  u s e s  n a t u r a l  sup- 
p l i e s ,  i n d u s t r i a l  goods ,  manpower, e n e r g y  and i n f o r m a t i o n  t o  
p r o d u c e  t i m b e r ,  f i r e w o o d  and w a s t e .  To c a l c u l a t e  t h e  e n e r g y  
r e q u i r e m e n t s  f o r  p r o d u c i n g ,  s a y ,  o n e  c u b i c  meter of  t i m b e r ,  t h e  
f i r s t  s t e p  i s  t o  d e f i n e  a d e q u a t e  subsys tems  f o r  which b a l a n c e s  
o f  t h e  e n e r g y  f l o w s  have t o  b e  compi led .  
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One p o s s i b i l i t y  i s  t o  c o n s i d e r  a  v a r i e t y  o f  w e l l  d e f i n e d  
p r o d u c t i o n  s t e p s .  By means of a  p r o c e s s  c h a i n  a n a l y s i s ,  t h e  
t o t a l  amount o f  e n e r g y  c a n  b e  c a l c u l a t e d  by t r a c i n g  back e a c h  
s t e p  o f  p r o d u c t i o n .  T h i s  method i s  o u t l i n e d  by t h e  s o l i d  l i n e s  
i n  F i g u r e  1. On t h e  o t h e r  hand ,  one  c a n  t r y  t o  d e f i n e  a  system-- 
t h e  boundary o f  which c r o s s c u t s  a l l  i m p o r t a n t  i n p u t s  and  o u t p u t s .  
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T h i s  i s  i n d i c a t e d  by t h e  d a s h e d  l i n e .  Both  p r o c e d u r e s  r a i s e  a  
c o u p l e  o f  b a s i c  p rob lems .  Energy o f  d i f f e r e n t  thermodynamic  
v a l u e s  h a s  t o  b e  compared ( e . g . ,  h e a t  and e l e c t r i c i t y ) ,  i n p u t s  
o f  l a b o r ,  s o l a r  e n e r g y  a n d  i n f o r m a t i o n  h a v e  t o  b e  d e f i n e d ,  e t c .  
The mos t  c r u c i a l  p rob lem i s  t h a t  o f  d i s t r i b u t i n g  t h e  i n p u t  e n e r g y  
t o  t h e  goods  p roduced  i n  t h e  same p r o c e s s ,  i n  t h i s  example ,  t i m -  
b e r ,  f i r e w o o d  and w a s t e .  P h y s i c a l  c r i t e r i a  f o r  t h i s  d i s t r i b u t i o n ,  
s u c h  a s  w e i g h t ,  and h e a t i n g  v a l u e ,  s e r v e  b a d l y  b e c a u s e  t h e y  ne- 
g l e c t  t h e  i m p o r t a n c e  o f  a  good t o  t h e  economy. T h e r e f o r e ,  t h e  
a p p r o a c h  d e s c r i b e d  below c a l c u l a t e s  t h e  v a l u e  o f  t h e  p roduced  
goods  a s  a  c r i t e r i o n  f o r  t h e  d i s t r i b u t i o n  o f  t h e  e n e r g y  used .  
T h i s  method a u t o m a t i c a l l y  t a k e s  a c c o u n t  o f  t h e  e n e r g y  which would 
b e  a s s i g n e d  t o  t h e  w a s t e  a c c o r d i n g  t o  p h y s i c a l  c r i t e r i a .  
I f  t h e  v a l u e  o f  t h e  p roduced  goods  i s  a c c e p t e d  a s  a  cr i te-  
r i o n  f o r  t h e  e n e r g y  d i s t r i b u t i o n ,  t h e n  t h e  i n p u t / o u t p u t  t a b l e s  
o f  economies  c a n  b e  used .  These  t a b l e s  g i v e  t h e  f l o w  o f  goods  
i n  an  economy i n  terms of money. The p r i n c i p a l  s h a p e  o f  a n  
i n p u t / o u t p u t  m a t r i x  g - is  g i v e n  i n  F i g u r e  2 .  The c o e f f i c i e n t  a i j  
g i v e s  t h e  p e r c e n t a g e  of t h e  t o t a l  o u t p u t  o f  t h e  i n d u s t r i a l  sector 
Figure 2. I n p u t / o r ~ t p r ~ l  roc~ffit.it-nt matrix. 
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j ,  which was b o u g h t  f rom s e c t o r  i i n  t h e  fo rm o f  raw m a t e r i a l s ,  
e q u i p m e n t ,  m a i n t e n a n c e ,  e t c . ,  f o r  t h e  immedia te  p r o d u c t i o n .  For  
s m a l l  c h a n g e s  i n  t i m e ,  e q u i l i b r i u m  of  money f l o w s  may b e  assumed. 
T h e r e f o r e ,  t h e s e  r e l a t i o n s h i p s  c a n  b e  w r i t t e n  i n  t h e  form o f  t h e  
e q u a t i o n  g i v e n  a t  t h e  bo t tom o f  F i g u r e  2 ,  i f  X i  i s  t h e  t o t a l  p ro -  
d u c t i o n  o f  s e c t o r  i and  Yi i s  t h e  p r o d u c t i o n  o f  consumpt ion  goods .  
I n  t h e  fo rm o f  m a t r i c e s  t h i s  c a n  b e  w r i t t e n  a s :  
The s o l u t i o n  o f  e q u a t i o n  ( 1 )  l e a d s  t o  t h e  i n v e r s e  L e o n t i e f  m a t r i x .  
T h a t  i s  
Accord ing  t o  e q u a t i o n  ( 3 )  t h i s  c a n  b e  d e v e l o p e d  i n t o  a  sum o f  
power f u n c t i o n s  o f  A. T h a t  is  
- 
A s i m p l e  e x p l a n a t i o n  o f  t h i s  r e l a t i o n s h i p  is  g i v e n  by t h e  f o l l o w -  
i n g  c a l c u l a t i o n .  The p r o d u c t i o n  o f  a  v e c t o r  o f  consumpt ion  g o o d s  
Y d i r e c t l y  r e q u i r e s  t h e  p r o d u c t i o n  o f  Z1.  T h a t  is  
- 
The p r o d u c t i o n  o f  t h e  p r o d u c t  V e c t o r  d i r e c t l y  r e q u i r e s  t h e  
p r o d u c t i o n  o f  Z T h a t  is  
-2 -  
The sum o f  a l l  d i r e c t  and  i n d i r e c t  r e q u i r e m e n t s  is  t h e n  g i v e n  
by 
T h e r e f o r e ,  t h e  o r d e r  o f  t h e  power f u n c t i o n s  o f  A g i v e  t h e  o r d e r  
- 
o f  i n d i r e c t  r e q u i r e m e n t s .  
These calculations can be extended to energy flows by intro- 
ducing a matrix of specific energy consumption coefficients 
the elements of which are defined by 
E . .  
R.. = l7 
11 -
X j 
where E .  is the energy flow of type i (e-g., coal, oil, elec- 
1 I 
tricity) to industrial sector j. The dimension of R - is given by 
- 
units of energy divided by units of money. The product 
gives information on the total direct and indirect energy require- 
ments for producing industrial goods of the end consumption. 
These estimates do not take account of investments which can 
be included by the following calculation. The input/output tables 
give investments as part of the end production. Thus, the amount 
of energy to produce the investments can be calculated. An ade- 
quate percentage can then be added to the total requirements. 
In the Federal Republic of Germany (FRG) for example, the 
above method for energy accountance has been applied, and some re- 
sults are given in Figure 3. In principle, two groups of products 
can be distinguished, the first covering the range of 30-40 kg coal 
equivalent per 100 DM (1 $ 2.6 DM) , and the other group covering 
the range of 60-80 kg coal equivalent per 100 DM, which indicates 
roughly a factor of 2 between these groups. The energy intensive 
sectors 6, 7, and 9 to 1 1  produce raw materials and goods whereas 
sectors 8 and 12 to 16 produce ready-made goods. The highest 
specific energy demand is given by the transportation sector (17), 
and the lowest by the sector of general services (18). This 
strongly indicates that with a growing degree of sophistication 
in the production of goods, energy is substituted by information. 
These results depend on the definition of energy inputs and 
outputs by imports and exports of goods. The results displayed 
in Figure 3 were obtained with the following assumptions and 
mathematical procedure. 
The first step calculated the physical energy content of 
the energetic imports to the FRG. According to these inputs the 
specific total energy requirements for the production of goods 
are calculated. These parameters are used to calculate the energy 
-- 
Average of Exports 
------- 
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requirements for the production of exports, and the exports make 
it possible to pay for the imports. For special trade contracts, 
imports and exports are not directly related, average values of 
the specific total energy consumption for the production of ex- 
port goods were calculated. 
In a second step, these values were taken to estimate the 
energy requirements for the imports of nonenergetic goods, which 
then result in changed total requirements. Therefore, these cal- 
culations lead to an iterative procedure which is rapidly con- 
verging. 
Because of the use of the input/output table of an economy, 
the obtained results are closely linked to the economy of that 
region. Different results will be calculated for different re- 
gions, thereby taking account of the real relationships of the 
economy, but they may provide a useful tool for calculating the 
time dependent energy balance for rapid growing industrial re- 
gions like Siberia. 
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The Role of the Bratsk and the Ust-Ilimsk Hydropower 
Stations in the Joint Siberian Power System 
A.P. Kurbatov and L.E. Khalyapin 
The construction of the Bratsk hydropower station (HPS) 
and the high voltage transmission lines that link it with the 
areas of Irkutsk, Krasnoyarsk, the Kuznetsk Coal Basin, and 
Novosibirsk, have determined the zone of influence of the Angara 
HPSs in the development of the productive forces of Siberia. 
Because of the guaranteed output of the Bratsk HPS and the 
regulating potentials of the Baikal Lake and the Bratsk reser- 
voir, the Bratsk HPS has become the main power station within 
the energy supply system of Central Siberia [I]. 
In choosing the parameters for the Bratsk HPS, account was 
taken of the conditions of its interaction with other power sta- 
tions of the Angara-Yenisei cascade and of the compensating ef- 
fect of the Bratsk HPS on the poorly regulated capacities of the 
Yenisei HPSs--Krasnoyarsk, Sayano-Shushenskaya, and Mid-Yenisei 
[31 - 
In 1960, a joint power system (JPS) for Siberia was estab- 
lished in order to create a reliable power base for the country's 
eastern regions. This is in line with the industrialization 
policy set out by the Communist Party of the Soviet Union (CPSU). 
Currently, the Siberian JPS covers an area of about 4 million 
km2 with a population of 16 million. 
The electricity network is about 3000 km latitudinally and 
up to 1000 km meridionally. 
As of 1974, the Siberian JPS comprises eight regional power 
systems, with a total installed capacity of the electric power 
stations amounting to 26 million kW, and an annual output of 
13.4 x 109 kwh. 
Hydropower plants account for 40 percent of the total elec- 
tricity capacity of the Siberian JPS. An increase in the capac- 
ity of the existing Ust-Ilimsk HPS is expected, and the Sayano- 
Shushenskaya HPS is under construction. 
The Angara-Yenisei cascade produces 98 percent of the JPS's 
total power output, of which no less than 70 percent is accounted 
for by the Angara HPS stations--Irkutsk, Bratsk, and Ust-Ilimsk. 
All HPSs of the Angara-Yenisei cascade are complex installa- 
tions designed to meet the requirements of the power industry, 
water transport, fishery, water supply to towns, and industrial 
and water-economy projects. 
The Angara hydropower plants provide high quality, reliable 
power to the Siberian regions, and perform the following func- 
tions within the JPS: 
- Balance the greater part of the daily and weekly 
load irregularities; 
- Ensure the rotating reserve for frequency control 
and the system's emergency reserve; 
- Serve as the long-term power regulator responding 
to both the irregularities in the development of 
the power generation capacities of the Siberian 
JPS and the fluctuations in the output of the 
Krasnoyarsk HPS. 
The power supply pattern and operating conditions of the 
HPSs follow the general guidelines for the development of the 
Siberian economy, where industry remains the major energy con- 
sumer ( 8 5  percent). Electric railways also consume power 
( 1 0  percent), especially along the 3000 km section of the Trans- 
siberian Railway. 
The Directives of the 24th Congress of the CPSU on the Ninth 
Five-Year Plan of Development for the USSR outlined the formation 
of new and the further development of existing territorial-indus- 
trial complexes in the eastern part of the country, namely, the 
Bratsk, Ilimsk, Sayany, and Boguchany complexes, which comprise 
major ferrous and nonferrous metallurgical, machine-building, 
ore-mining, and wood-processing plants. 
An aluminium plant and a major timber industrial complex 
have been commissioned in Bratsk; a large-scale ore-dressing 
integrated plant is now operational based on the Korshunovo iron- 
ore deposit. 
Ferrous and nonferrous metallurgical facilities as well as 
industrial chemistrical plants are being developed in the Irkutsk- 
Cheremkhovo Region using the cheap electric power supplied by the 
Angara hydropower plants. These plants also influence the devel- 
opment of the Krasnoyarsk and Kuznetsk basin industrial complexes 
which account for nearly 2 5  percent of the national coal output 
and have ferrous and nonferrous metallurgy, chemistry, machine- 
building, and other industries. 
The development of energy-intensive industries with contin- 
uous production cycles has resulted in a highly crowded load 
schedule for the Siberian JPS. The load coefficient for this 
schedule is 0 . 9 2  to 0.93,  and the nonuniformity coefficient is 
0.82 to 0.85. The seasonal fluctuations in the electricity con- 
sumption schedule are less pronounced than those in the European 
part of the country; in the former the annual peak load time is 
6600 to 6700 hours. 
Recently, the growing demand on the part of the Siberian 
JPS for power and energy has been met by commissioning large- 
scale hydropower plants. 
During the period of the initial filling of the Bratsk HPS 
reservoir (1961-1967), its capacity was expanded to allow up to 
63 percent of the annual increase in power consumption to be 
covered for the JPS as a whole. This share remained unchanged 
until 1970, owing to the commissioning of new capacities at the 
Krasnoyarsk HPS, with the Bratsk HPS operating at designed ca- 
pacity. In the near future, the increase in power demand of the 
Siberian JPS will be largely covered by commissioning new capaci- 
ties at the Ust-Ilimsk and the Sayano-Shushenskaya HPSs. 
~fter.the first power units of the Bratsk HPS became oper- 
ational and the high voltage transmission lines connecting it 
with the western systems were built, it was possible to provide 
the Siberian JPS with a reserve capacity for the unlimited sup- 
ply of electricity to consumers and the necessary repair and 
maintenance operations at the power stations. A steady increase 
in the output of the Bratsk HPS and the development of the elec- 
tricity network made it possible to tackle the problems of opti- 
mum operation of the entire Siberian JPS. 
The role of the Angara HPSs in offsetting the fluctuations 
in the load schedule of the JPS ensured the operation of the 
thermal electric power stations at the rated capacities of their 
equipment. Under these conditions, the best economic indices 
for the operation of the thermal electric stations and the 
Siberian JPS as a whole were achieved. 
During the period 1961-1967, the cost of electricity in the 
Siberian JPS declined from 0.58 kopek/kWh in 1961 to 0.50 kopek/ 
kwh in 1967. The high energy indices of the Bratsk HPS with its 
18 units in operation satisfied all the requirements for the 
system's reliability and made it possible to optimize the oper- 
ating conditions inside the HPS. The regulating and technolog- 
ical measures recently implemented at the Bratsk HPS are ex- 
pected to result in an estimated 500 million kwh of additional 
power output at the given runoff. 
The capacities of the newly commissioned HPSs of the Angara- 
Yenisei cascade are, of course, greater than the initial amount 
of power consumpted, which explains the excess of installed ca- 
pacity of HPSs in the first years of their operation within the 
JPS. This excess is subsequently eliminated [ 2 1 .  
The nonuniform growth of generating capacities is typical 
of the Siberian JPS at the current development stage and is due 
both to the continuing commissioning of new large-scale HPSs of 
the Angara-Yenisei cascade and to the HPSs' exceptionally high 
share in the total power balance of the system. Under these 
conditions, the enormous possibilities of the Angara HPS reser- 
voirs for runoff redistribution over a long period can ensure 
the rational development and efficient operation of the power 
system. 
The operating conditions of the system in 1970-1974, prior 
to the commissioning of the Ust-Ilimsk HPS, illustrate this fact 
(Table 1 )  . 
Table 1. 
Total output of electricity 
of HPS of Angara-Yenisei 42.2 44.3 46.1 48.9 48.5 
9 
cascade (in 1 x 10 kwh) 
Output of electricity 
of the Bratsk HPS (in 20.3 22.8 23.3 23.0 28.0 
1 lo9 kwh) 
Bratsk HPS output (in 
percent) 48 
The Bratsk HPS plays a major role in covering the winter 
peak load of the Siberian JPS (Table 2). 
Table 2. 
Contribution of all HPSs 
of the Siberian JPS to 
covering annual peak loads 5990 6470 6590 7160 7 700 
( in thousand kW) 
Contribution of the 
Bratsk HPS (in thousand 2760 3660 3420 3040 4090 
kW) 
Bratsk HPS contribution 
(in percent) 46 
The data illustrate the role of the Bratsk HPS in regulating 
the output and covering the consumption peak loads of the HPSs 
of the Siberian JPS. 
After the first units of the Ust-Ilimsk HPS became opera- 
tional in 1 9 7 4 ,  the contribution of the Angara cascade to the 
operations of the Siberian JPS increased substantially. The 
characteristic feature of the annual operating schedule of the 
HPSs of the Angara-Yenisei cascade in the period under consider- 
ation is a relatively high output in summer to meet the require- 
ments of navigation. Such a schedule necessitates unloading the 
thermal power stations of the JPS, even those with highly effi- 
cient equipment. In winter, owing to a shortage of water power 
resources, the thermal stations need to be loaded to full capac- 
ity, which results in poor annual efficiency indices. In the 
event of an unusually greater runoff in summer and autumn in 
the Yenisei River basin, the excess runoff at the Krasnoyarsk 
HPS will affect the operating conditions of the thermal stations, 
since it is not possible to offset these excess water resources 
by decreasing the output of the Bratsk HPS. 
After the Ust-Ilimsk HPS was commissioned, the use of its 
reservoir made it possible in 1975 to greatly enhance the regu- 
lating potentials of the Angara cascade. A partial decrease in 
the Ust-Ilimsk storage capacity during the navigation season 
made the Angara navigable and also reduced the transit flow rate 
in the cascade by 2.8 km3; this corresponds to a reduction of 
700  million kwh in the Bratsk HPS output in summer and to an 
increase in its winter output. 
The commissioning of the Ust-Ilimsk HPS, operating on a 
tributary controlled by upstream reservoirs, eased the water 
economy restriction on the participation of the Bratsk HPS in 
the daily and weekly regulation of the system's load schedule. 
All the excess water power resources of the Krasnoyarsk HPS ob- 
tained in the summer season can be stored at the Bratsk HPS by 
reducing its load in this season, thereby increasing the total 
output of the Angara-Yenisei cascade in winter. 
In 1 9 7 5 ,  during the period from May-September, owing to the 
regulating capacity of the Ust-Ilimsk reservoir, the operation 
of the Bratsk HPS in the compensated regulation scheme with the 
Krasnoyarsk HPS ensured efficient operating conditions for the 
system's thermal power stations; it was possible to accumulate 
excess summer water resources in the Bratsk HPS reservoir esti- 
mated at 900  million kwh and to increase the Angara HPS total 
output in the winter of 1975-1976.  
After reaching a capacity of up to 3 . 6  x l o 9  kW (15 units 
of the first stage), by the beginning of the winter period, the 
Ust-Ilimsk HPS will be able to ensure the operation of the Bratsk 
HPS in the maximum power output mode. The excessive consumption 
of the Bratsk HPS in winter, which is not covered by the 
throughput capacity of the 15 units of the Ust-Ilimsk HPS, will 
be accumulated in the free part of its reservoir so that the 
normal design levels will be reached by the time the winter loads 
attain their maximum. 
At the first stage of its capacity expansion (1975-1978), 
the Ust-Ilimsk HPS will thus have two cycles of drawing down and 
filling during one year, thereby making it possible to redistrib- 
ute the energy output of the Bratsk HPS as a compensator of the 
Angara-Yenisei cascade's output with respect to seasonal condi- 
tions. 
The projected expansion of the installed capacity of the 
Ust-Ilimsk HPS--up to 4.32 x lo9 kW with 18 units in operation-- 
will considerably upgrade the operational efficiency of the Angara 
cascade as a whole. By increasing the throughput capacity of the 
Ust-Ilimsk HPS, widening the capacity regulation range, optimally 
distributing the load among the units, and improving the cascade 
relationships with respect to the water flow, it is possible to 
increase the power yield of the HPS cascade, and allow the Angara 
HPS to offset the daily and weekly irregularities in the load 
schedule of the Siberian JPS. 
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Angara-Yenisei Hydroelectric Power Station Cascade 
A.Sh. Reznikovsky 
Yenisei, the largest river in the Soviet Union, has a basin 
area of almost 2.5 million km2, with an annual average runoff of 
585 km3. The total length of the River basin is 90,000 km. The 
hypothetical hydropower potential of the river is nearly 
600 x lo9 kwh per year [I]. 
Vast mineral resources are concentrated in the Yenisei basin, 
especially in the basin of its right bank tributary, the Angara, 
which has its source in Lake Baikal. Among the resources dis- 
covered here are large coal deposits with a high carbon ratio, 
a favorable mode of occurrence and thick seams; iron ores; var- 
ious aluminium raw materials; and other minerals such as rare 
metals, salt, mica, gold, diamonds, and graphite. 
The area of the Yenisei mountain ridge, crossed by the 
Angara in her lower reaches, is particularly abundant in mineral 
resources. The Angara-Yenisei Region has rich forest resources. 
Hydrographic exploration of individual rivers in the Yenisei 
basin was started late in the last century, but it was not until 
the early 1930s that a systematic study was started of the River's 
main stream and its tributary, the Angara. Suspended during 
World War 11, this work was again continued in the postwar years 
on an even larger scale and culminated in 1953 in a scheme for 
exploiting the Angara River [21. 
This scheme provided for the building of six hydropower 
stations (HPSs) on the Angara, with a total installed capacity 
of over 10 million kW and an average power output over many years 
equal to some 70 x lo9 kwh per year [ 3 ] .  Currently a somewhat 
greater figure of installed capacity is envisaged. One charac- 
teristic of this cascade is a high degree of regulation of the 
runoff, resulting from the Bratsk reservoir and the backwater 
of Lake Baikal. Capital investment for the main HPSs of the 
cascade was very low compared to similar outlays for thermal 
power plants. 
The development of the Angara's power resources began with 
the establishment of the upper Irkutsk HPS, which has a capacity 
of 660 million; its first unit was commissioned in 1956. Later, 
the Bratsk HPS was constructed, with a capacity of 4 x lo9 W; 
its first unit became operational in 1961. 
The third station of the cascade, the Ust-Ilimsk HPS, is 
currently under construction; the first unit was operational in 
1974, and the installed capacity is expected to be 3.6 x lo9 W. 
The total annual energy output of the above three HPSs on 
the Angara will be around 50 x lo9 kwh (41. 
The development of the Angara's power resources was carried 
out simultaneously with the creation of new major industrial 
centers in this sparsely populated area. Production specializa- 
tion of these centers was determined by the nature of the neigh- 
boring power base. That is, power-intensive industries make up 
the core of the industrial specialization of the new industrial 
complexes in Siberia. 
Investigations have shown that benefits to the national 
economy can be expected from the development of power-intensive 
industries near the Angara HPSs: for example, savings from energy 
inputs amount to hundreds of millions of roubles annually [4]. 
Research on the development of the power and industrial com- 
plexes in the Angara area was conducted simultaneously with the 
design of schemes for hydropower plants, to be built near these 
complexes. For example, the Bratsk power and industrial complex 
was incorporated in the scheme for the Bratsk HPS. The scheme 
stipulated the locations of the principal consumers and gave 
recommendations on how to construct the power and industrial com- 
plex. The difficulty was that both the HPS and its main consumers 
were to be operational at the same time. These problems were not 
taken up separately but were solved in a coordinated way so as to 
determine inter alia the following: the general conditions of 
the project; the necessary distribution of capital investment 
over the building period; the demand for principal building mate- 
rials, intermediates, and machinery; the project's manpower re- 
quirements; and the necessary housing accomodation; and cultural 
and welfare facilities. 
Studies covered the raw material resources of the Region, 
its railway and water transport, the development of agriculture 
and fishery, and settlement and environmental protection [4]. 
The comprehensive nature of the research was determined by 
the fact that the Angara Region has high quality abundant hydro- 
power resources and, diverse mineral resources, so that the exploi- 
tation of the basin's natural resources is important to the coun- 
try's development. The wide spectrum of alternative solutions, 
the high cost and long period required for their implementation, 
etc., called for an analysis of natural, social, economic, sci- 
entific and engineering factors with due regard for the Region's 
links with the national economy so as to optimize the regional 
development alternatives. 
The experience gained in the USSR in large-scale, compre- 
hensive research and development schemes, and the building and 
operation of HPS cascades and territorial-industrial complexes 
may be useful in solving similar problems in other areas. 
Research and development work on a similar scale was car- 
ried out in the design of large-scale hydroelectric power sta- 
tions on the Yenisei. The Krasnoyarsk HPS, with a capacity of 
6  x 10' W and an annual average output of 20,000 kwh, is opera- 
tional on the Yenisei River, and construction is under way of 
the Sayano-Shushenskaya HPS with a capacity of 6 . 3  x 10' W and 
average annual power output of 23.5 x 10' kwh [ 3 ]  . The Yenisei, 
the Igarka and other HPSs are being designed. Feasibility stud- 
ies concerning the building of large electric power stations on 
the lower tributaries of the Yenisei are being carried out. 
Project studies have been done on ways of coordinating the 
operations of the Angara and Yenisei HPSs in the Siberian power 
grid. Investigations have shown that the Angara and the Yenisei 
Rivers have asynchronous runoffs and the regulating potentials 
of the reservoirs on the two rivers are unequal. Taking both 
facts into account, special operating conditions were elaborated 
for the HPSs in the overall power grid. These conditions became 
known as interbasin electric compensation regulations of HPS 
output in a grid. Accordingly, the Upper-Yenisei HPSs, which 
have relatively small reservoir regulating capacities, were 
placed at the lowest level of the control hierarchy and allowed 
to operate nonuniformly over time in keeping with the regulations 
that ensure a most efficient use of the Yenisei runoff for power 
production. The Angara HPSs were placed at the upper level of 
the control hierarchy. They act as a compensator for the power 
output variation of the Yenisei HPS, bringing the output for the 
power grid to a figure that could be guaranteed with a certain 
degree of reliability. 
Owing to the compensated operating conditions and asynchro- 
nous runoff, the total guaranteed output of the Angara-Yenisei 
HPS cascade has greatly increased. The amount of increase de- 
pends on the number of HPSs that are operational. For example, 
with only three HPSs of the cascade being operational, their 
assured output increased by over 500 million. This means that 
by the time the Krasnoyarsk HPS was commissioned, it was possible 
to reduce the capacities of the thermal power stations in the 
grid by this amount, saving tens of millions of roubles. 
After eight HPSs of the cascade become operational, the 
output figure will be as high as 1.5 x lo9 W [21. Also, apart 
from power production, the Angara and Yenisei water resources 
are used for transportation, water supply, and, in recent years, 
for restitution of resources. The rules governing the operation 
of the cascade reservoirs include provisions for meeting the needs 
of these non-power consumers with a given reliability level. 
The systems approach which analyzed the natural, technical, 
and economic factors affecting the HPS efficiency in a complex 
water economy and joint power system of Siberia, was used in 
working out the operating conditions of the Angara-Yenisei HPS 
and their reservoirs. This has helped the Region to raise the 
economic efficiency of the existing HPSs. 
In addition to traditional methods, some new ones have been 
used to elaborate and ensure the optimal regulations for the 
operating control of the HPS reservoirs of the cascade. 
Since the water economy and power systems are probabilistic 
(the influx of water to HPSs being a probabilistic process), a 
statistical modeling of the river runoff was used for designing 
the optimal operating conditions for the cascades of reservoirs 
[1,5,61. Although only recently developed, methods for river 
runoff modeling (sometimes called the Monte Carlo technique) have 
become widely used in many parts of the world. Studies have 
proven the efficiency of this technique for calculating the run- 
off regulation patterns for HPSs reservoir cascades over a period 
of many years 161. They have confirmed the feasibility of en- 
suring optimal compensated operating conditions of reservoirs in 
the Angara-Yenisei HPS cascade and of securing the above mentioned 
water economy and power production effect from the interbasin 
electrical regulation of HPS power output in the Siberian grid. 
Methods for long-term control of HPS operating conditions 
in the power grid have been developed and used for a number of 
years to implement the optimal operation schedules of the cas- 
cade. Optimization in this case is based on specific economic 
criteria; for finding the ultimate objective function of many 
variables, several iterative techniques are used (gradient tech- 
nique, dynamic programming, etc.). Heuristic and mathematical 
methods are used to generalize the optimal operating conditions 
into prediction-free rules of control. 
In order to reduce the size of the optimization and control 
problems, the principles of design and practical operation of a 
hierarchical structure of control of the operating conditions of 
the HPS cascades and reservoirs have been developed, with special 
reference to the Angara-Yenisei cascade [5]. Besides reducing 
the problem dimension, the introduction of the hierarchy made it 
possible to decentralize the control of some HPSs, giving them 
an autonomy while retaining virtually all advantages offered by 
the joint operation of HPSs in the power grids [2,5]. Electronic 
computers of different classes were used to make the calculations 
for elaborating and substantiating the rules for controlling the 
HPS operating conditions in the power grid at virtually all 
stages of the project and also in the actual process of opera- 
tion of the HPSs of the Angara-Yenisei cascade. 
Recently there has been an attempt to apply a new and rap- 
idly developing section of the probability theory--the theory of 
controlled random process--to control the operating conditions 
of the Angara-Yenisei HPS cascade. 
Control is based on a vector stochastic differential equa- 
tion of water balance. The runoff is approximated by a contin- 
uous Markovian harmonized process. The analytical description 
of the runoff is given by an autoregressive equation for the 
transformation of the runoff values conforming to the Gaussian 
distribution pattern. Restraints imposed on control are repre- 
sented by penalty functions whose sequence is chosen depending 
on the level of the security of the restraints concerned. 
The system of stochastic differential equations describing 
the Angara-Yenisei HPS cascade, the objective function to be 
optimized, and the control function are linearized; thus it is 
possible to solve the problem of finding the optimum control 
conditions for the cascade's reservoirs by a small dimensional 
Riccati matrix equation. This solution requires only a few 
minutes on a medium-class computer [5]. 
Thus in the planning and development of power and other 
natural resources in the Yenisei basin, problems arise which 
because of their complexity and multiplicity of variables are 
within the scope of systems engineering. 
The Angara-Yenisei cascade project was a testing ground for 
a number of new methods and techniques of research, design, 
building and operation of a large-scale industrial complex. 
These new methods and the experience gained in applying them 
to the Angara-Yenisei HPS cascade can be useful for planning 
and implementing projects on other rivers and in other parts 
of the country with similar natural and economic conditions. 
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Wate r  Resource  S y s t e m s t  
2. Kaczmarek 
Wate r  is  e s s e n t i a l  t o  n a t i o n a l  r e g i o n a l  e c o r ~ o m i c  g r o w t h .  
Under c e r t a i n  c i r c u m s t a n c e s ,  w a t e r  deve lopmen t  p r o j e c t s  p l a y  a  
s i g n i f i c a n t  r o l e  i n  i n c r e a s i n g  economic  a c t i v i t y .  W a t e r  re- 
s o u r c e s  a l o n e  d o  n o t  p r o d u c e  r e g i o n a l  d e v e l o p m e n t ,  t h u s  w a t e r  
p r o j e c t s  s h o u l d  n o t  b e  c o n s i d e r e d  t h e  o n l y  f a c t o r  i n  a  r e g i o n a l  
d e v e l o p m e n t  program.  R e g i o n a l  economic  d e v e l o p m e n t  is  a  com- 
p l e x  economic  and s o c i a l  phenomenon. N e v e r t h e l e s s ,  it h a s  been  
found  i n  many a r e a s  o f  t h e  w o r l d  t h a t  w a t e r  deve lopmen t  h a s  
s t i m u l a t e d  r e g i o n a l  g r o w t h .  The Angara -Yen i se i  w a t e r  s y s t e m  is  
an  e x c e l l e n t  example  o f  s u c h  a  s i t u a t i o n .  
A s  Rezn ikovsky  men t ioned  i n  h i s  p a p e r ,  t h e  Anaga ra -Yen i se i  
r i v e r  b a s i n  r e p r e s e n t s  o n e  o f  t h e  w o r l d ' s  l a r g e s t  w a t e r  r e s o u r c e  
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s y s t e m s .  Wi th  i t s  mean a n n u a l  r u n o f f  o f  a b o u t  600 km , it is 
t h e  l a r g e s t  w a t e r  s y s t e m  i n  t h e  USSR, p r o d u c i n g  more t h a n  one-  
e i g h t h  o f  t h e  t o t a l  r i v e r  r u n o f f  o f  t h e  c o u n t r y ' s  a r e a .  I t  i s  
t h e r e f o r e  e a s y  t o  u n d e r s t a n d  t h e  i m p o r t a n c e  o f  t h e  s y s t e m  t o  t h e  
whole  new p r o d u c t i o n  complex o f  C e n t r a l  S i b e r i a .  
The r e l a t i o n s h i p  be tween  f i x e d  w a t e r  s u p p l y  and  c h a n g i n g  
w a t e r  demands i n  a n y  a r e a  r e f l e c t s  t h e  p r e v a i l i n g  s o c i a l  a n d  
economic  c o n d i t i o n s ,  t h e  a v a i l a b i l i t y  o f  s k i l l s  and  f u n d s  f o r  
making c h a n g e s ,  t h e  s u i t a b i l i t y  o f  t e c h n o l o g y  a s  it a f f e c t s  t h e  
e n v i r o n m e n t ,  a n d  t h e  g o v e r n i n g  a d m i n i s t r a t i v e ,  o r g a n i z a t i o n a l  
a n d  j u d i c i a l  p r o c e s s e s .  The a p p l i c a t i o n  o f  s y s t e m s  a n a l y s i s  may 
h e l p  i n  s o l v i n g  t h e s e  p rob lems .  
A s  i n  many o t h e r  new i n d u s t r i a l i z e d  r e g i o n s ,  t h e  d e v e l o p -  
m e n t  o f  t h e  Angara -Yen i se i  w a t e r  r e s o u r c e  s y s t e m  s t a r t e d  w i t h  
t h e  c o n s t r u c t i o n  o f  l a r g e  h y d r o e l e c t r i c  power s t a t i o n s .  A s  
Rezn ikovsky  m e n t i o n e d  i n  h i s  p a p e r ,  i n v e s t i g a t i o n s  h a v e  shown 
t h a t  t h e  d e v e l o p m e n t  o f  p o w e r - i n t e n s i v e  i n d u s t r i e s  i n  t h a t  
r e g i o n  p r o m i s e s  enormous  b e n e f i t s  f o r  t h e  n a t i o n a l  economy. The 
m u l t i r e s e r v o i r  hydropower  s y s t e m  may b e  t r e a t e d  a s  a  s u b s y s t e m  
o f  t h e  S i b e r i a n  i n d u s t r i a l  complex,  and  i t s  c o n s t r u c t i o n  a n d  
o p e r a t i o n  had t o  b e  s u b o r d i n a t e d  t o  t h e  g e n e r a l  n e e d s  a n d  g o a l s  
o f  t h i s  complex.  
?Comment o n  A.Sh. Rezn ikovsky ,  Angara -Yen i se i  H y d r o e Z e c t r i c  Power 
S t a t i o n  Cascade ,  i n  t h i s  volume. 
~t s h o u l d  be  e x p e c t e d  t h a t  f u r t h e r  development  o f  C e n t r a l  
S i b e r i a  w i l l  c r e a t e  new prob lems  i n  t h e  f i e l d  o f  w a t e r  r e s o u r c e s .  
Demands f o r  w a t e r  s u p p l y  f o r  t h e  p o p u l a t i o n ,  i n d u s t r y ,  and ( p e r -  
h a p s )  a g r i c u l t u r e ,  w i l l  i n c r e a s e  more o r  l e s s  i n  p r o p o r t i o n  w i t h  
t h e  l e v e l  o f  p r o d u c t i o n ,  and t h e  e n v i r o n m e n t a l  e f f e c t s  o f  w a t e r  
u s e  w i l l  have t o  r e c e i v e  i n c r e a s i n g  a t t e n t i o n .  During t h e  l a s t  
d e c a d e ,  t h e  w o r l d ' s  p o p u l a t i o n  h a s  become more s o p h i s t i c a t e d  i n  
i t s  u n d e r s t a n d i n g  o f  e c o l o g i c a l  p r o c e s s e s ;  a s  a  r e s u l t  it i s  
aware  t h a t  i n  many c a s e s ,  p a s t  w a t e r  u s e s  and developments  have  
produced some u n p l e a s a n t  and u n f o r e s e e n  consequences .  Discus-  
s i o n  a t  t h e  1 9 7 4  IIASA Confe rence  on t h e  Tennessee  V a l l e y  
A u t h o r i t y  p o i n t e d  o u t  examples  o f  s u c h  d a n g e r s .  
I n  o r d e r  t o  a c h i e v e  o v e r a l l  g o a l s  i n  w a t e r  r e s o u r c e  sys tems  
and t o  p r o t e c t  e n v i r o n m e n t a l  q u a l i t y ,  it seems t o  be  n e c e s s a r y  
t o  d o  t h e  f o l l o w i n g :  
- Draw up a  g e n e r a l  p l a n  o f  w a t e r  r e s o u r c e s  development  
i n c l u d i n g  hydropower p r o d u c t i o n ,  f l o o d  c o n t r o l ,  w a t e r  
s u p p l y ,  t r a n s p o r t a t i o n ,  r e c r e a t i o n  f a c i l i t i e s .  
- Unders tand ,  and be  a b l e  t o  p r e d i c t ,  t h e  env i ronmenta l  
e f f e c t s  t h a t  a  p a r t i c u l a r  w a t e r  program, and t h e  a l -  
t e r n a t i v e s ,  may p roduce .  
- Take e n v i r o n m e n t a l  v a l u e s  and p r o c e s s e s  i n t o  a c c o u n t  
i n  s e l e c t i n g  a l t e r n a t i v e s  t o  r e a c h  a n  informed and  b a l -  
anced  judgement a s  t o  what w i l l  b e s t  s e r v e  t h e  n a t i o n a l  
i n t e r e s t .  
Some c l a r i f i c a t i o n  of t h e  l i n k s  between hydropower subs tems  and 
o t h e r  w a t e r  r e s o u r c e  s y s t e m s  i n  t h e  Angara-Yenisei  r i v e r  b a s i n  
would h e l p  t o  b e t t e r  u n d e r s t a n d  t h e  e n t i r e  w a t e r  s i t u a t i o n  i n  
t h e  above ment ioned a r e a .  
Reznikovsky h a s  s t a t e d  t h a t  a  s t a t i s t i c a l  model ing o f  t h e  
r i v e r  r u n o f f  was used  i n  d e s i g n i n g  o p t i m a l  o p e r a t i n g  r u l e s  f o r  
t h e  c a s c a d e  o f  r e s e r v o i r s .  The Markovian p r o c e s s  w i t h  Gauss ian  
d i s t r i b u t i o n  h a s  been used  t o  model t h e  s t o c h a s t i c  b e h a v i o r  o f  
t h e  p r o c e s s .  I t  would be  i n t e r e s t i n g  t o  know how t h e  c r o s s -  
c o r r e l a t i o n  c h a r a c t e r i s t i c s  w e r e  p r e s e r v e d  i n  t h e  model,  and 
t h e  c r i t e r i a  used f o r  t h e  e v a l u a t i o n  o f  t h e  model. I would l i k e  
t o  ment ion t h a t  IIASA's Water Group is i n v o l v e d  i n  a  program i n  
t h e  f i e l d  o f  s t o c h a s t i c  model ing,  and i n  F e b r u a r y  o f  t h i s  y e a r  
h e l d  a  workshop on t h e  improvement and e v a l u a t i o n  o f  m u l t i s i t e ,  
m u l t i s e a s o n  s t r e a m f l o w  g e n e r a t i n g  models .  
I t  would a l s o  be  i n t e r e s t i n g  t o  know t h e  o p t i m i z a t i o n  p r o -  
c e d u r e s  t h a t  were  used i n  t h e  c a s e  o f  t h e  Angara-Yenisei  c a s c a d e  
and how t h e  r e s u l t s  o b t a i n e d  from t h i s  o p t i m i z a t i o n  model were 
used  f o r  p r a c t i c a l  day-to-day o p e r a t i o n s .  Were t h e  f o r e c a s t i n g  
models i n c o r p o r a t e d  i n t o  t h e  o p t i m i z a t i o n  scheme? 
The d i s c u s s i o n  may h e l p  t o  c l a r i f y  t h e s e  and o t h e r  q u e s t i o n s  
r e l a t e d  t o  t h e  un ique  and v e r y  i n t e r e s t i n g  Angara-Yenisei  w a t e r  
and i n d u s t r i a l  s y s t e m s .  
Runoff Regulation of the Angara-Yenisei 
Cascade Hydropower Stations 
L.S. Belyaev, V.A. Saveliev, and L.E. Khalyapin 
The Angara-Yenisei cascade, which includes the Bratsk and 
the Ust-Ilimsk hydropower stations (HPS), is unique with respect 
to the capacities of these hydropower stations, their economic 
indexes, and the regulating capacities of the reservoirs. Table 1 
gives the main hydropower characteristics of the cascade's exist- 
ing HPSs, and those to be commissioned shortly [ I ] .  Additional 
hydropower stations will be constructed on the Yenisei River and 
its tributaries, but their parameters have not been fully deter- 
mined. 
Because of the large reservoirs, especially at the Irkutsk 
and the Bratsk HPSs, it is possible to fully utilize the river 
runoff by reducing waste overflow to a minimum, and to redistri- 
bute the runoff in a desired manner over the short and long run. 
Moreover, these HPSs supply almost 50 percent of the overall 
power of the Siberian Integrated Power System (SIPS). The HPSs 
are capable of carrying out the following functions: 
- Account for fluctuations in the daily load curves 
and control the frequency in the SIPS; 
- Supply the main bulk of the emergency and opera- 
tional reserve capacity; 
- Act as long-term power regulators in the system by 
accounting for discrepancies between the increase 
in power consumption and the new capacities commis- 
sioned in the SIPS; and 
- Meet the needs of other water users and consumers 
such as water transport, fisheries, and city water 
supplies. 
Since the SIPS will be linked with other power systems (for 
example Kazakhstan, and in the European part of the country), 
the influence of the Angara-Yenisei HPSs will naturally expand. 
To fulfil these functions, it is necessary to regulate the 
runoff, taking into account the potential use of the runoff in 
planning further development of the SIPS. This requires special 
hydroenergetic calculations along the following lines: 
Table 1. Indexes of existing and planned HPSs of the Angara-Yenisei cascade. 
- Runoff r e g u l a t i o n s  t o  d e t e r m i n e  t h e  w a t e r  power i n d e x  
o f  HPSs; 
- C o o r d i n a t i o n  o f  HPS r u n o f f  r e g u l a t i o n  w i t h  t h e  d e v e l o p -  
ment o f  t h e  power s y s t e m  i n  t h e  n e a r  f u t u r e ;  
- S c h e d u l i n g  r u n o f f  r e g u l a t i o n  d u r i n g  t h e  o p e r a t i o n  o f  
h y d r o e l e c t r i c  power s t a t i o n s .  
S p e c i a l  f e a t u r e s  o f  t h e s e  t y p e s  o f  c a l c u l a t i o n s  and me thods ,  
and  t h e i r  r o l e  i n  c a l c u l a t i n g  t h e  Angara -Yen i se i  c a s c a d e  and  t h e  
SIPS a r e  o u t l i n e d  below.  
DETERMINATION OF WATER-POWER INDEXES OF HPSS 
The p r i n c i p a l  i n d e x e s  a r e  t h e  g u a r a n t e e d  and a v e r a g e  long-  
t e r m  power o u t p u t s  o f  HPSs. T h e s e  c a l c u l a t i o n s  a r e  needed f o r  
d e s i g n i n g  i n d i v i d u a l  hydropower  s t a t i o n s  a n d  f o r  l o n g - r a n g e  p l a n -  
n i n g  o f  power s y s t e m s .  The o p e r a t i o n a l  c o n d i t i o n s  o f  s t a t i o n s  o r  
t h e  deve lopment  c o n d i t i o n s  o f  power s y s t e m s  a r e  i n  t h i s  c a s e  
c o n s i d e r e d  i n  a  l o n g - r a n g e  p e r s p e c t i v e  ( f i v e  t o  f i f t e e n  y e a r s  o r  
e v e n  l o n g e r ) .  I n  t h e  f o r m e r  c a s e  t h e s e  i n d e x e s  a r e  e v a l u a t e d  f o r  
t h e  i n d i v i d u a l  HPS, and  i n  t h e  l a t t e r ,  f o r  t h e  g r o u p  o f  HPSs a s  
a  who le .  The g u a r a n t e e d  o u t p u t  d e t e r m i n e s  t h e  p o t e n t i a l  c o n t r i -  
b u t i o n  o f  HPSs t o  t h e  power b a l a n c e  o f  t h e  s y s t e m  i n  low w a t e r  
y e a r s .  (The r e m a i n i n g  power demand i s  c o v e r e d  by t h e r m a l  e l e c t r i c  
s t a t i o n s . )  
The a v e r a g e  l o n g - t e r m  power o u t p u t  o f  a  HPS i s  a  s t a b l e  
i n d e x .  I n  f a c t ,  it d o e s  n o t  depend  on t h e  d e v e l o p m e n t  s c a l e  o f  
t h e  power s y s t e m  and ,  a s  a  r u l e ,  may change  o n l y  when new HPSs 
a r e  b u i l t  u p s t r e a m  t h e r e b y  a f f e c t i n g  t h e  i n f l o w  t o  t h e  r e s e r v o i r  
o f  t h e  HPS i n  q u e s t i o n .  The a v e r a g e  l o n g - t e r m  o u t p u t  i s  u s e d  f o r  
e s t i m a t i n g  t h e  a v e r a g e  o p e r a t i o n a l  ( f u e l )  c o s t s  o f  t h e  s y s t e m .  
I n  v i e w  o f  t h e  s t o c h a s t i c  c h a r a c t e r  o f  t h e  r i v e r  r u n o f f ,  two s u c h  
i n d e x e s  a r e  needed  f o r  o b t a i n i n g  a n  a p p r o x i m a t e  s o l u t i o n  t o  t h e  
p rob lem o f  o p t i m a l  deve lopment  o f  t h e  power s y s t e m .  The t o t a l  
a v e r a g e  l o n g - t e r m  power o u p u t  o f  a  g r o u p  o f  HPSs d e p e n d s  o n  t h e  
c o m p o s i t i o n  o f  t h e  g r o u p ,  and  t h u s  w i l l  d i f f e r  d e p e n d i n g  on t h e  
deve lopment  p e r i o d  o f  t h e  s y s t e m .  
The g u a r a n t e e d  o u t p u t  o f  a  g r o u p  o f  HPSs i s  less s t a b l e .  
U s u a l l y ,  i t s  v a l u e  i n  w i n t e r  ( p e a k  l o a d )  is  v i t a l  f o r  t h e  power 
s y s t e m .  The w i n t e r  o u t p u t ,  i n  t u r n ,  d e p e n d s  o n  t h e  o v e r a l l  con- 
d i t i o n s  o f  a n n u a l  r u n o f f  r e g u l a t i o n  ( i . e . ,  on t h e  p o s s i b l e  re- 
d i s t r i b u t i o n  o f  r u n o f f  o v e r  t h e  s e a s o n s ) .  A c c o r d i n g l y ,  t h e  g u a r -  
a n t e e d  o u t p u t  o f  a n  i n d i v i d u a l  HPS c a n  v a r y  s u b s t a n t i a l l y  a s  t h e  
power s y s t e m  d e v e l o p s ;  f o r  example ,  c h a n g e s  i n  t h e  p a t t e r n  o f  
t h e  a n n u a l  l o a d  demand, i n  t h e  s t r u c t u r e  o f  power g e n e r a t i n g  c a -  
p a c i t i e s ,  o r  i n  t h e  s h i p  c l e a r a n c e  c a p a c i t y  o f  a  c h a n n e l  i n  t h e  
n a v i g a b l e  s e a s o n  w i l l  a f f e c t  t h i s  f i g u r e .  T h i s  is  e v e n  more s o  
w i t h  t h e  t o t a l  g u a r a n t e e d  o u p u t  o f  a l l  HPSs i n  t h e  s y s t e m ,  which 
w i l l  depend  o n  t h e  s y s t e m ' s  set  o f  s t a t i o n s .  
Moreover, it is not the guaranteed output as such but the 
guaranteed capacity of all the stations that is important for 
evaluating the HPS contribution to the power balances in low 
water years. The guaranteed capacity is determined from the 
calculations of daily operating conditions of the power system 
by "writing" the respective HPS output in the daily load curve 
of the system. For this purpose, the daily guaranteed HPS out- 
put is determined for the peak day (usually, in December) of the 
year being considered, based on the guaranteed winter HPS output, 
and taking into account the intraseasonal and weekly fluctuations 
of the load curves. For this daily output, the daily operating 
conditions for the stations are calculated; thus the contribution 
of a given HPS for covering the peak load is determined. This 
value is the guaranteed capacity of HPSs (i.e., their possible 
contribution to the system power balance in low water years). 
The guaranteed capacity of HPSs also depends on the daily 
load demand curve, which changes as the system develops and is 
integrated with other power systems. The magnitude of this ca- 
pacity has therefore to be estimated for specific development 
stages of the system. In designing an individual station, one 
should consider the longest possible period (i-e., as long as 
possible in terms of forecasting future operational conditions 
of the HPS). For planning the development of a power system, 
the calculation period is determined by the plan targets. 
The runoff regulation schedule of individual HPSs depends 
on the regulation schedules of other stations. Therefore, in 
evaluating the HPS water power indexes, the runoff regulation 
schedule has to be calculated for a whole set of stations, even 
when these indexes have to be found for only the individual HPS 
being designed. 
These calculations are needed in particular for the so-called 
compensated runoff regulation, which is desirable because of the 
mistimings in the runoffs (during low water periods) of different 
rivers and reservoir capacities. A low runoff rate in some rivers 
can be compensated by excessive runoff in others, and inadequate 
storage of some reservoirs can be compensated by increased tap- 
pings from larger reservoirs. 
Compensated runoff regulation can substantially raise the 
guaranteed HPS output. Calculations have shown that the total 
average monthly guaranteed capacity of the Angara-Yenisei cascade 
HPSs (including the Ust-Ilimsk and the Sayano-Shushenskaya HPSs) 
increases by 1,300 MW owing to compensated regulation. This 
yields considerable savings in capital investment for the con- 
struction of thermal electric stations in the SIPS. 
To reduce the amount of labor, calculations have to be car- 
ried out on the basis of specially selected long-term hydrographs 
of a sufficient duration. The average long-term output of a HPS 
is evaluated using the hydrographs corresponding to the average 
water content, while the guaranteed output is obtained by using 
t h e  low i n f l o w  h y d r o g r a p h s  w i t h  a  d e s i g n e d  i n t e g r a l  p r o b a b i l i t y  
( t o  98 p e r c e n t ) .  I n  t h i s  way, i n s t e a d  o f  c a r r y i n g  o u t  a l a r g e  
series o f  c a l c u l a t i o n s  and p l o t t i n g  t h e  e n t i r e  g u a r a n t e e  c u r v e  
( o r  d i s t r i b u t i o n  f u n c t i o n )  o f  t h e  HPS o u t p u t s ,  t h e  long- t e rm 
r e g u l a t i o n  i s  c a l c u l a t e d  f o r  o n l y  s e l e c t e d  p o i n t s  on t h e  c u r v e .  
T h i s  a p p r o a c h  i s  j u s t i f i e d  b e c a u s e  t h e  HPS o u t p u t s  a r e  a p p r o x i -  
m a t e l y  p r o p o r t i o n a l  t o  t h e  r u n o f f ,  o r ,  t o  b e  more e x a c t ,  t o  i t s  
t o t a l  p o t e n t i a l  e n e r g y  w i t h  due  r e g a r d  f o r  d i f f e r e n t  h e a d s  a t  
d i f f e r e n t  HPSs. To a c c o u n t  f o r  t h e  i n f l u e n c e  o f  r u n o f f  d i s t r i -  
b u t i o n  o v e r  t h e  y e a r s  o f  t h e  c a l c u l a t e d  p e r i o d ,  t h e  c a l c u l a t i o n s  
a r e  made on t h e  b a s i s  o f  s e v e r a l  h y d r o g r a p h s  d i f f e r i n g  by t h e  
g r o u p i n g s  o f  low and h i g h  w a t e r  y e a r s .  
The c a l c u l a t i o n  (medium and low w a t e r )  h y d r o g r a p h s  a r e  
c h o s e n  e i t h e r  by a  series of  o b s e r v a t i o n s  o r  a  modeled series 
c o n s t r u c t e d  by t h e  Monte C a r l o  method. T h i s  method h a s  g a i n e d  
wide  p r a c t i c e  i n  t h e  USSR ( e - g . ,  [ 2 , 3 ] ) .  D i f f e r e n t  t e c h n i q u e s  
a r e  u s e d  i n  t h i s  case t o  t a k e  i n t o  a c c o u n t  t h e  i n t r a s e r i e s  c o r -  
r e l a t i o n s ,  p e r i o d  r u n o f f  d i s t r i b u t i o n ,  e tc .  Long-term r u n o f f  
f o r e c a s t i n g  methods  t h a t  t a k e  i n t o  a c c o u n t  o t h e r  g e o p h y s i c a l  
f a c t o r s  a r e  b e i n g  d e v e l o p e d  [4]. 
The E n e r g o s e t i p r o e k t  I n s t i t u t e  h a s  been  c a r r y i n g  o u t  c a l -  
c u l a t i o n s  o f  c o o r d i n a t e d  long- t e rm r u n o f f  r e g u l a t i o n s  o f  t h e  
hydropower  s t a t i o n s  o f  t h e  Angara -Yen i se i  c a s c a d e .  The gua ran-  
t e e d  HPS o u t p u t s  have  t o  b e  e v a l u a t e d  o f t e n ,  s i n c e  t h i s  p a r a m e t e r  
d e p e n d s  more on t h e  HPS o p e r a t i o n a l  c o n d i t i o n s  t h a n  on t h e  a v e r -  
a g e  long- t e rm o u t p u t .  The p r o c e d u r e  f o r  t h e s e  c a l c u l a t i o n s  is  
d e s c r i b e d  i n  [ 3 ] .  I n  t h i s  p r o c e d u r e  t h e  hydropower  s t a t i o n s  a r e  
t r e a t e d  s e p a r a t e l y  f rom t h e  t h e r m a l  s t a t i o n s  i n  t h e  power s y s t e m .  
The l o a d  c u r v e  p a t t e r n  i s  a s s i g n e d  t o  t h e  HPS, t a k i n g  i n t o  a c -  
c o u n t  t h e  t i m e  o f  commiss ion ing  new HPSs and t h e  i n c r e a s e s  i n  
t h e i r  c a p a c i t i e s  o v e r  t h e  y e a r s  o f  t h e  c a l c u l a t e d  p e r i o d .  F i r s t ,  
on  t h e  b a s i s  o f  p r e l i m i n a r y  c a l c u l a t i o n s ,  t h e  s c h e d u l e  c u r v e s  
( d i s p a t c h e r  s c h e d u l e s )  a r e  c o n s t r u c t e d  f o r  t h e  r e s e r v o i r s  a s  a  
means o f  r e g u l a t i n g  t h e  HPS o u t p u t ,  d e p e n d i n g  o n  t h e  a v a i l a b l e  
s t o r a g e .  These  c u r v e s  a r e  c o n s t r u c t e d  f o r  e a c h  of t h e  HPSs, 
t a k i n g  i n t o  a c c o u n t  t h e  c o o r d i n a t e d  r u n o f f  r e g u l a t i o n  by t h e  
HPS c a s c a d e  and t h e  r o l e  p l a y e d  by a  p a r t i c u l a r  HPS i n  t h i s  
p r o c e s s .  I n  p a r t i c u l a r ,  t h e  I r k u t s k  and  t h e  B r a t s k  HPSs which 
h a v e  t h e  l a r g e s t  r e s e r v o i r s  f u n c t i o n  a s  c o m p e n s a t o r s  by a c c o u n t -  
i n g  f o r  t h e  d e f i c i e n c i e s  i n  l o a d  o f  t h e  r e m a i n i n g  s t a t i o n s  i n  t h e  
r e q u i r e d  t o t a l  l e v e l .  Nex t ,  s p e c i f i c  c a l c u l a t i o n s  f o r  r u n o f f  
r e g u l a t i o n s  a r e  made o n  t h e  b a s i s  o f  h y d r o g r a p h s  c o r r e s p o n d i n g  
t o  medium o r  low w a t e r  c o n d i t i o n s ;  t h u s  t h e  l i k e l y  HPS o u t p u t  i s  
e v a l u a t e d .  The r u n o f f  r e g u l a t i o n  p a t t e r n s  d e t e r m i n e d  by t h e s e  
s c h e d u l e s  a r e  e n t e r e d  i n t o  t h e  compute r -a ided  c a l c u l a t i o n  a l g o -  
r i t h m .  These  c a l c u l a t i o n s  g i v e  t h e  d e p e n d e n c e  o f  t h e  g u a r a n t e e d  
o u t p u t  o f  new HPSs o n  t h e  r e s e r v o i r  c a p a c i t y  u s e d .  T h i s  depen-  
d e n c e  makes it p o s s i b l e  t o  f i n d  t h e  g u a r a n t e e d  o u t p u t  f o r  a  f i x e d  
( g i v e n )  r e s e r v o i r  c a p a c i t y ,  o r ,  c o n v e r s e l y ,  t o  f i n d  t h e  e f f e c t i v e  
s t o r a g e  r e q u i r e d  f o r  a  g i v e n  g u a r a n t e e d  o u t p u t .  Some r e s u l t s  o f  
t h e  c a l c u l a t i o n s  c a r r i e d  o u t  f o r  t h e  Angara -Yen i se i  HPS c a s c a d e  
a r e  g i v e n  i n  [ 3 ] .  
I n  1974, t h e  S i b e r i a n  Power I n s t i t u t e  of t h e  S i b e r i a n  Branch 
of  t h e  USSR Academy o f  S c i e n c e s  conduc ted  c a l c u l a t i o n s  t o  eva lu -  
a t e  t h e  water-power indexes  f o r  t h e  HPSs of t h e  Angara-Yenisei 
c a scade  cove r ing  t h e  p e r i o d  1980-1995. I n  c o n t r a s t  t o  [ 3 ] ,  t h e s e  
c a l c u l a t i o n s  took account  of t h e  thermal  e l e c t r i c  s t a t i o n s  of  t h e  
SIPS and t h e  main t r a n s m i s s i o n  l i n k s  i n  t h e  system. The c a l c u l a -  
t i o n s  were c a r r i e d  o u t  by t h e  computer program Angara-D based on 
an  a u x i l i a r y  f u n c t i o n  method [5]  which i s  s i m i l a r  t o  t h e  method 
d e s c r i b e d  i n  [ 6 ] .  The v a l u e s  ob t a ined  f o r  t h e  average  long-term 
o u t p u t s  of HPSs were a lmos t  t h e  same a s  t h o s e  c a l c u l a t e d  by t h e  
~ n e r g o s e t i p r o e k t  I n s t i t u t e .  Also,  t h e  ave r age  annua l  gua r an t eed  
o u t p u t s  were s i m i l a r .  The w i n t e r  gua r an t eed  o u t p u t s  o f  t h e  HPSs, 
however, were about  10 p e r c e n t  h i g h e r  t h a n  t h o s e  e v a l u a t e d  by t h e  
Ene rgose t i p roek t .  
COORDINATION OF RUNOFF REGULATION OF THE ANGARA-YENISEI 
HPS CASCADE WITH THE DEVELOPMENT OF SIPS 
T h i s  t y p e  of c a l c u l a t i o n s ,  s p e c i f i c  t o  t h e  SIPS, is c a r r i e d  
o u t  f o r  d e t e r ~ n i n i n g  t h e  power ba l ances  of t h e  system i n  low wa te r  
c o n d i t i o n s ,  which i s  needed f o r  p l ann ing  t h e  i n s t a l l a t i o n  of new 
u n i t s  a t  t h e  power s t a t i o n s .  S ince  t h e  o u t p u t  of HPSs i n  t h e  
for thcoming y e a r s  depends on t h e  i n c r e a s e  o r  d e c r e a s e  i n  t h e  
wa t e r  l e v e l  of r e s e r v o i r s  i n  t h e  p r eced ing  y e a r s ,  t h e  need a r i s e s  
f o r  commissioning new power s t a t i o n s .  The l e s s e r  t h e  p o t e n t i a l  
HPS o u t p u t ,  t h e  sooner  t h e  new s t a t i o n s  have t o  be  commissioned 
and v i c e  v e r s a .  The re fo r e ,  t h e  long-term r e g u l a t i o n  s chedu l e  f o r  
t h e  HPS must be coo rd ina t ed  w i t h  t h e  t i m e  s chedu l e  f o r  commission- 
i n g  and deve lop ing  new e l e c t r i c  s t a t i o n s .  The p r ocedu r e  i s  o u t -  
l i n e d  below. 
Some development s c e n a r i o  f o r  t h e  s t a t i o n  i s  cons ide r ed  f o r  
a p e r i od  of f i v e  t o  t e n  y e a r s .  The nece s s a r y  i n p u t  d a t a  on power 
demand, e x i s t i n g  and planned power s t a t i o n s ,  wa t e r  needs ,  and 
long-term runo f f  f o r e c a s t s  a r e  p repared  f o r  t h i s  p e r i o d .  Seve r a l  
runof f  hydrographs a r e  s e l e c t e d ,  co r r e s pond ing  t o  t h e  r e q u i r e d  
des igned  i n t e g r a l  p r o b a b i l i t y  (95  t o  98 p e r c e n t )  of t h e  t o t a l  
p o t e n t i a l  energy  of  r uno f f  b u t  d i f f e r i n g  i n  t h e  energy  d i s t r i b u -  
t i o n  by t h e  y e a r s  o f  t h e  p e r i od  and by t h e  HPS r anges .  The hydro- 
g r aphs  may be  s e l e c t e d  by t h e  procedure  d e s c r i b e d  above w i th  due 
r e g a r d  f o r  t h e  long-term runof f  f o r e c a s t s  ( i f  any)  f o r  t h e  p e r i o d .  
For eve ry  hydrograph s e l e c t e d ,  t h e  long-term r uno f f  r e g u l a t i o n  
is t h en  a s s e s s e d  from t h e  a c t u a l  r e s e r v o i r  l e v e l s  a t  t h e  begin-  
n ing  of  t h e  c a l c u l a t e d  p e r i o d .  I f  t h e  long-term r e s e r v o i r  s t o r -  
age i s  i n s u f f i c i e n t  f o r  comple te  coverage  of t h e  s y s t em ' s  power 
ba l ance  f o r  even one of t h e  low water  hydrographs ,  t h e n  t h i s  
s c e n a r i o  i s  r e j e c t e d  a s  i nadequa t e ,  and a  new one p r ov id ing  e a r -  
l ier  commissioning d a t e s  f o r  t h e  s t a t i o n s  o r  power u n i t s  should  
be dev i s ed .  
These c a l c u l a t i o n s  a r e  no t  in tended  f o r  immediate s chedu l i ng  
of t h e  HPS o p e r a t i o n a l  c o n d i t i o n s .  They form a p a r t  o f  t h e  power 
system p l ann ing  e f f o r t  f o r  de t e r min ing  t h e  commissioning t i m e s  of  
new electric stations. Since the nearest time in the future is 
considered, these calculations must be carried out in detail, 
taking into account the following: long-term and annual runoff 
regulations; HPS development pattern, in particular, the initial 
storage of reservoirs; water needs and constraints on water sup- 
ply; mistimings in the runoffs of the Angara and Yenisei Rivers; 
power demand growth patterns; development of the Integrated Power 
Grid System; periodic fluctuations in the capacities of available 
thermal power stations, including fluctuations caused by repair 
and maintenance; and uncertainty with respect to input data. 
These calculations are currently being carried out by the 
Siberian Power Institute together with the Joint Dispatching 
Office of the Siberian Power System; the Angara-D program is 
being used for this purpose. The last run of calculations was 
carried out for the period 1976-1985, and a check was made of 
the power balances of the SIPS for the next three to five years. 
RUNOFF REGULATION SCHEDULES OF HPSs FOR THE OPERATION OF THE SIPS 
These calculations must be more detailed than those described 
above. Their ultimate purpose is to determine the operating con- 
ditions for the existing electric stations on annual and daily 
terms. In addition to the factors mentioned for the previous 
types of calculations, the following must be considered: 
- Allowance must be made for the random nature of 
the runoff, including high water years; 
- There must be detailed consideration of the con- 
ditions of the regulation of the HPSs during the 
year--e.g., navigation periods and other water 
constraints, repair and maintenance of the power 
plant equipment, and seasonal fluctuations in heat 
load at power and central heating plants; 
- There must be an examination of the daily operat- 
ing conditions of the HPSs, with due regard for 
the capacities of the transmission lines, the con- 
straints on water level variations in the daily 
runoff regulation and so on. 
Many methods have been proposed in the USSR for optimizing 
the long-term operating schedules of power systems including 
hydropower stations [e.g., 5,7,8,9,10,11,12]. These methods 
make use of diverse mathematical tools, and each of the tech- 
niques accounts for the random nature of the runoff differently. 
Many of these methods have been applied to the Angara-Yenisei 
HPS cascade and the SIPS. 
One of the methods for determining HPS runoff regulation 
schedule is based on the construction of schedule curves of the 
reservoirs [a]. The runoff regulation calculations are carried 
out for constructing these curves, while the particular operating 
schedule for the station is assigned directly during its operation 
according to the zone on the schedule curves where the actual 
reservoir levels fall. This method has been widely applied to 
the HPS of the Angara-Yenisei cascade. 
In the 1960s, when only the Irkutsk and the Bratsk HPSs 
were in the cascade, their operating conditions were optimized 
by applying more exact calculation methods based on stochastic 
formulation and dynamic programming principles [7,12]. This ap- 
proach was also used to explore the control methods for long-term 
HPS schedules at a number of Siberian stations [131. However, 
stochastic dynamic programming is rather cumbersome where the 
number of HPS is large. 
In 1965-1967, the Siberian Power Institute calculated the 
long-term runoff regulation for the Irkutsk and the Bratsk HPSs 
so as to determine an operating schedule for the SIPS for the 
next fiscal year. A special feature of these calculations was 
that they took into account the uncertainty in the input data 
about future development conditions of the IPS [lo]. 
A series of computer programs are now available for calculat- 
ing the runoff regulation of the Angara-Yenisei IIPS cascade at 
the Joint Dispatching Office of the Siberian Power System. The 
Angara-D program is used to compute the long-term regulation of 
the runoff. These calculations are carried out several times a 
year for varying hydrological conditions. The results are used 
to design the runoff regulation schedule for the forthcoming 
month or three months. 
In order to more accurately evaluate the pre-flood decrease 
and increase in reservoir storage level at the Krasnoyarsk HPS, 
a program has been introduced based on stochastic dynamic program- 
ming methods. Its algorithm is similar to that described in [131. 
During the high-flood period, calculations are carried out several 
times a month to obtain complete filling of the reservoir. 
The daily operating schedules for the HPSs of the Angara- 
Yenisei cascade and the SIPS are calculated mostly by the computer 
program developed at the Siberian Power Institute [I41 and at the 
All-Union Research Institutes for Power Engineering (VNIIE) [151. 
The programs of the Power Institute are based on the auxiliary 
functions method, and those of VNIIE on relative increments com- 
bined with gradient methods. Both methods take a detailed account 
of regime characteristics of the power stations, grid layout, 
limitations, daily load schedules of the components of integrated 
system, etc. Calculations with these programs are regularly car- 
ried out to determine the daily operating conditions for the HPS 
and for the thermal electric stations. 
In general, the methods and programs for all types of calcu- 
lations for the runoff regulation discussed in this paper are 
being continually improved as experience is accumulated, new 
research is carried out, and the development and functioning 
conditions of the SIPS become more complex. In the near future, 
the SIPS will be integrated with other joint power systems and 
will become a part of the Integrated National Power System. 
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Summarv Re~01-t on the Technical Session 
On Energy Systems 
A.A. Makarov 
Among the major subjects discussed at the session were 
Siberia's contribution to the country's fuel and energy re- 
sources, the energy supply system for the country, the method- 
ological aspects of the systems approach to energy and power 
engineering, the control and development of the power supply, 
and the functioning of complex power systems. 
Emphasis was placed on how the Siberian power system de- 
veloped into one of the world's largest energy systems, and 
how the unique Siberian conditions influenced the development 
of the Bratsk-Ilimsk Territorial Production Complex (BITPC) 
and other large-scale centers in the Soviet Union. 
Information was given on the development of generating 
units in Siberia, on the construction of high voltage trans- 
mission lines, and on the organization of joint projects at 
the BITPC. 
The experience of the Soviet Union in planning and manage- 
ing power systems was of great interest to the participants. 
Discussion turned to the problems both of coordinating the 
development goals for the Siberian power system and the national 
development goals, and of establishing criteria for the develop- 
ment of regional economies. 
Presentations by W. Hafele and by P. Tsvetanov of IIASA 
provided excellent background on the IIASA Energy Systems Pro- 
ject and on future directions.* Of special interest was the 
work on developing methods for long-range forecasting of energy 
supply and demand in various regions of the world. 
*For information on the material contained in these presentations 
and for further details on IIASA's work in the energy field, see 
W. Hafele et all Second S t a t u s  R e p o r t  o f  t h e  I IASA  P r o j e c t  on 
Energy  S y s t e m s  1 9 7 5 ,  RR-76-1, International Institute for Applied 
Systems Analysis, Laxenburg, Austria, 1976, and Plamen Tsvetanov 
and Bernard Schweeger, P r o c e d u r e s  and Program f o r  t h e  Econome t r i c  
A n a l y s i s  o f  a  Group o f  Developed C o u n t r i e s  o f  Market  Economy, 
RM-76-12, International Institute for Applied Systems Analysis, 
Laxenburg, Austria, 1976. 

Summary Report on the Technical 
Session on Water Resources 
2.  Kaczmarek 
As has been mentioned, the Angara-Yenisei River Basin rep- 
resents one of the world's largest water resource systems. With 
its mean annual runoff of about 600 km3, this is the largest 
river system in the USSR, providing more than one-eighth of the 
total river runoff of the whole area of the country. It is 
therefore easy to understand the importance of the system to 
the whole industrial complex of Central Siberia. 
The relationship between f i x e d  water supply and c h a n g i n g  
water demands in any area reflects the prevailing social and 
economic conditions, the availability of skills and funds for 
making changes, the suitability of technology, and the governing 
administrative and organizational problems. The application of 
systems analysis may help to solve these problems. 
Water resources management must be based on the application 
of appropriate methodologies. The methodological aspects of 
water resource studies should be taken as background for more 
general policy issues and decisions. All the Conference presen- 
tations on the Angara-Yenisei water resource systems form an 
excellent example of such an approach. The water resources 
problems are, in general, site-specific depending upon a large 
number of local factors. Most of the methods and technologies 
used for solving regional or nation-wide water problems are, in 
a sense, universal. The exchange of experiences across national 
boundaries enables each country to benefit not only from its own 
efforts, but also from those of other nations. Priority at IIASA 
should be given to the consideration of methodologies that will 
be of potential interest during the next 10 to 25 years. 
The need for integrated water resource management arises 
from the complex relationship between the water supply and its 
possible uses in the given area. The analysis of such complex 
systems cannot be simplified because the existing relations 
among systems components are usually complicated. In particular, 
the development of water resources has a considerable influence 
on the entire economy of a country or region. 
As in many other new industrialized regions, the development 
of the Angara-Yenisei water resource system started with the con- 
struction of large hydroelectric power stations. As has been 
mentioned, investigations have shown that the development of 
power-intensive industries in the Angara-Yenisei Region promises 
enormous benefits for the national economy. The muitireservoir 
hydropower system may be treated as a subsystem of the Siberian 
industrial complex, and its construction and operation had to 
be subordinated to the general needs and goals of this complex. 
It should be expected that further development of Central 
Siberia will create new problems in the fields of water resources. 
Demands for water supply for the population, industry, and (per- 
haps) agriculture, will increase, and the environmental effects 
of water use will require increasing attention. During the last 
decade, the world's population has become more sophisticated in 
its understanding of ecological processes: thus there is an aware- 
ness that in many cases, past water uses and developments have 
produced some unpleasant and unforeseen consequences. The dis- 
cussion of these negative effects at the TVA Conference held by 
IIASA in November 1 9 7 4  may serve as an example of such a danger. 
There is feedback between the physical and economic aspects 
of water supply and water demands. For example, it is undesir- 
able to forecast the future water requirements on the basis of 
simple projections of the past water uses, because this usually 
leads to very high and nonrealistic estimates. New technologies 
in agriculture and industry may effectively reduce the demand 
for water, so its future use will depend largely on the avail- 
ability of resources, cost of supply, and general public policies 
Limitation is the mother of good management: the progress in 
water-related methodologies should concern methods of increasing 
water resources and conserving water supplies. 
Discus s ion  
Recent i n v e s t i g a t i o n s  have shown t h a t ,  from an  economic 
p o i n t  o f  view, t h e r e  i s  a  g r e a t e r  p o t e n t i a l  i n  S i b e r i a  f o r  
de ve l o p ing  thermal  and h y d r o e l e c t r i c  energy t han  f o r  n u c l e a r  
energy ,  owing t o  t h e  Region ' s  v a s t  wate r  and f u e l  r e s o u r c e s .  
I n  r e sponse  t o  a  q u e s t i o n  abou t  t h e  e x p o r t  of  energy from 
S i b e r i a ,  it was po in t ed  o u t  t h a t  t h e  Region h a s  no d i r e c t  o b l i -  
g a t i o n s  toward t h e  European p a r t  of t h e  USSR conce r n ing  t h e  
supp l y  of  l a r g e  amounts o f  energy .  There  i s  a  power connec t i on  
between t h e  S i b e r i a n  Grid and Kazakhstan which d e l i v e r s  some of  
i t s  energy  t o  t h e  European p a r t  o f  t h e  coun t r y .  I n  t h e  f u t u r e ,  
t h e s e  l i n k s  a r e  supposed t o  be  expanded. 
Among t h e  major c h a r a c t e r i s t i c s  of t h e  S i b e r i a n  e l e c t r i c  
power system mentioned d u r i n g  t h e  s e s s i o n  were t h e  f o l l owing :  
a n  e l e c t r i c  t r a n s m i s s i o n  l i n e  of approximate ly  3000 km, and a  
l o a d  f a c t o r  of 92-93 p e r c e n t ;  i n d u s t r y ' s  power consumption i s  
approximate ly  80 p e r c e n t ,  which i s  expec ted  t o  d e c r e a s e  i n  t h e  
f u t u r e .  E l e c t r i c  power i s  t r a n s m i t t e d  by power l i n e s  i n  bo th  
d i r e c t i o n s .  The l e n g t h  of t h e s e  l i n e s  ave r ages  from 400 t o  500 
km. One e x c e p t i o n  i s  t h e  B r a t s k - I l ims k  l i n e ,  which i s  600 km 
long .  
D i scus s ion  t h e n  c e n t e r e d  on t h e  B r a t s k  s t o r a g e  r e s e r v o i r ,  
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which ha s  a  u s e f u l  c a p a c i t y  e q u a l  t o  50 km and a  t o t a l  c a p a c i t y  
- 
of 170 kmJ. Owing t o  t h i s  u s e f u l  c a p a c i t y ,  t h e  S o v i e t  Union i s  
a b l e  t o  produce 30 x 10' kwh of  e l e c t r i c i t y .  
S t u d i e s  of t h e  p roduc t i o n  of s y n t h e t i c  g a s  and i t s  t r a n s -  
p o r t a t i o n  from S i b e r i a  a r e  c u r r e n t l y  be ing  c a r r i e d  o u t  i n  t h e  
USSR. Although S i b e r i a  h a s  huge r e s o u r c e s  o f  compa r a t i ve ly  
l ow -c a lo r i e  brown c o a l ,  i t s  t r a n s p o r t a t i o n  ove r  long  d i s t a n c e s  
i s  economica l ly  p r a c t i c a b l e .  C ons ide r a t i on  i s  be ing  g iven  t o  
u s i n g  t h e  c o a l  f o r  energy  pu r pos e s  o f  i n d u s t r i a l  e n t e r p r i s e s  
l o c a t e d  nearby  and f o r  t h e  p roduc t i on  of  e l e c t r i c  power; it 
i s  a l s o  proposed t o  e n r i c h  t h e  c o a l  i n  o r d e r  t o  o b t a i n  high-  
c a l o r i e  f u e l  which could  be t r a n s p o r t e d  economica l ly  ove r  l ong  
d i s t a n c e s .  
The q u e s t i o n  a r o s e  a s  t o  t h e  t y p e  of  models used i n  t h e  
c a s e  of  t h e  BITPC. I t  was no ted  t h a t  t h e  Conference d e a l t  w i t h  
o n l y  development problems o f  t h e  Complex; t h u s  examples w e r e  
g i ve n  of  o n l y  p h y s i c a l  and mathemat ica l  model ing e f f o r t s  t h a t  
have been a p p l i e d  t o  p r a c t i c a l  problem-solving i n  connec t i on  
w i t h  t h e  BITPC. I n v e s t i g a t i o n s  w e r e  c a r r i e d  o u t  t h a t  confirmed 
t h e  e x a c t n e s s  of t h e  model r e s u l t s .  The v a l u e  of  t h e  s t a t i c  
s t a b i l i t y  c o e f f i c i e n t  was de te rmined  w i th  a n  accu r acy  of  up t o  
1 p a r t  p e r  thousand and t h a t  o f  t h e  dynamic s t a b i l i t y  c o e f f i c i e n t  
w i t h  even g r e a t e r  a ccu racy .  
Information was then requested on the procedures for deter- 
mining investment coefficients. Values are determined on the 
basis of preliminary investigations carried out by the USSR State 
Committee on Science and Technology and the USSR State Planning 
Committee. These figures must not be considered a direct result 
of mathematical modeling; however, the latter results (shadow 
prices, experts values, etc.) are taken into account in determi- 
ning these coefficients. 
In the study of various aspects of development of the Bratsk 
Region, account was taken of those connecting factors that in- 
fluence development. This is important since additional expen- 
ditures are usually involved. For example, specialized plants 
have been constructed to attract manpower to the Region. Also, 
the development of a new complex results in additional expendi- 
tures for housing, education facilities, theaters, etc. This 
was especially true in the case of the timber complex. Thus 
city budgets take into account the industrial needs of a complex. 
Environmental considerations are included in the planning 
and designing stages of a complex. The cost associated with 
these considerations is usually three to five percent of the 
total costs. 
The participants then centered their attention on the pro- 
duction of hydroelectric power in the Bratsk Region. The Bratsk 
hydropower station is fully automated, and only operators are on 
duty at the station. As regards the Siberian Power Grid, the 
control center has a computer unit for the collection and storage 
of information. In the very near future, the operations of the 
entire grid system will be placed under automatic control. 
Owing to the length of the transmission lines in the Region, 
alternating current is used. To compensate for losses in trans- 
mission lines with the current voltage equal to 500,000 kV, hori- 
zontal condensors have been installed. Rotating compensators 
with hydrogenous cooling have been installed in the circle sub- 
stations. 
An inquiry was made about water resource planning in the 
Bratsk Region. It was pointed out that forecast methods are 
used to establish control schedules for a specific year. Pos- 
sible conflict situations involving industrial and consumer water 
users are solved at the planning stage by estimating the demand 
for and the available supply of water. Regulatioils are worked 
out for the use of water, which take into account the interest 
of all users. When a serious conflict arises, the demand is met 
by supplying water from other sources that are part of the over- 
all system. 
As to the organizational aspects of the Siberian Power Grid, 
it was stated that the system includes eight administrative re- 
gions. Coordination of the regional system is accomplished with 
a view to the optimal use of water resources. A number of fac- 
tors are taken into consideration such as agriculture, industry, 
transportation, and population. 
DEMOGRAPHIC AND SETTLEMENT PROBLEMS 

Population and Manpower Resources in the BITPC 
V.V. Vorobyov, L.K. Zmanovskikh, and G.M. Podlinyaev 
The region under investigation covers an area of 89,000 kmL 
and includes three administrative districts of the Irkutsk Region: 
2 the Bratsk district with an area of 33,300 km , the Ust-Ilimsk 
2 district with an area of 26,900 km , and the Nizhneilimsk dis- 
2 trict with an area of 29,500 km . As of January 1, 1974, the 
population of these districts totaled 397,000 individuals. 
The Angara Region is comparatively densely populated, 
- 
4.5 people per kmL, which is 1.5 times greater than the average 
for the entire region (3 people per km2). However, in view of 
the high concentration of natural resources and their large-scale 
development, the area has a manpower shortage. As a result, in- 
tensive development of the highly effective natural resources is 
impeded by a limited work force. Hence, solving the problem of 
manpower resources in the BITPC depends on the growth of the 
population, the adequate supply of a work force for developing 
industries, and the rational use of these resources. 
DYNAMICS OF POPULATION 
The population of the BITPC has increased considerably over 
the past 15 years (Table I ) .  The economic development of the 
region falls into three periods of population growth. 
Table  1. Rura l  Popu la t ion  o f  t h e  BITPC (1959-1974) 
(1,000) 
D i s t r i c t  
S i z e  of popu la t ion  Growth 
i n  1 5  Natural Inc lud ing  As of As of y e a r s  growth mechanical J a n .  1, Jan .  1, (% growth 1959 1974 (+)  ( % )  ( - )  (% 
B r a t s k  54.6 53.7 -0.9 11.7 -12.6 
Ust-Il irnsk 3.3 7 .6  +4.3 3 .O + 1.3 
Nizhne-Ilimsk 21.2 15 .1  -6.1 3 . 8  - 9.9 
T o t a l  79.1  76.4 -2.7 18 .5  -21.2 
The f i r s t  p e r i o d  (1926-1939) covers the initial stage of 
development of the Region. The census conducted at this time 
provided fairly precise data on the population, major growth 
trends, and regularities of its dynamics. In 1926, the Region's 
rural population totaled 46,000, of which 29,000 were in the 
Bratsk district, 10,000 in the Nizhneilimsk district, and 7000 
in the Ust-Ilimsk district. 
During the s e c o n d  p e r i o d  (1939-1959), there was considerable 
growth of the population, particularly during the 1950s. The 
1959 census showed that during this twenty year period the pop- 
ulation in the three districts increased almost fourfold, reach- 
ing a total of 170,000, with 53 percent of it being urban. 
Towns and urban town-type settlements emerged, thus evidencing 
progress in the industrial development of the northern part of 
the Irkutsk Region. The town of Bratsk rapidly expanded owing 
to the construction of the Bratsk hydropower station and the 
industrial development of the Region. The construction of the 
Taishet-Lena Railway in 1966 resulted in the development of the 
town of Vikhorevka. The town of Zheleznogorsk-Ilimsky developed 
in the Nizhneilimsk district as a result of the development of 
large iron-ore deposits at Korshunovo. The workers' settlements 
of Vidim, Novaya Igirma, Khrebtovaya, and Shestakovo arose as a 
result of the consutrction of the railway line between Khrebtovaya 
and Ust-Ilimsk. 
During the t h i r d  p e r i o d  (1959-1973), rapid development of 
the Region's productive forces led to a rapid growth in urban 
population, towns and urban-type settlements, bringing about 
significant changes in the geographical distribution of the pop- 
ulation and urban settlements. 
As of January 1974, the total population reached 397,000 
with 80 percent of it being urban. During the same period the 
population of Bratsk increased more than four times reaching 
184,000 by the beginning of 1974. The population of Vikhorevka 
increased by more than 50 percent. The population of workers' 
settlements was increasing at a similarly rapid pace in Osinovka 
and Chekanovskoye. By contrast, the population of the Porozhskoye 
workers' settlement decreased when the construction of the Bratsk 
hydropower station was completed and workers transferred to Ust- 
Ilimsk. In 1965, when the construction of the Ust-Ilimsk power 
station began, the population of Ust-Ilimsk was 1300; in 1973, 
the population reached 30,000, and the Ust-Ilimsk workers' set- 
tlement was given urban status. The town of Zheleznogorsk- 
Ilimsky has also experienced a rapid growth of population (27,000 
as of January 1974) . 
During the period under review (1959-1974), the rural popula- 
tion has not changed to any appreciable extent in the region as 
a whole: in 1959, there were 79,000 inhabitants, in 1974 this 
number declined to 76,000; their share in the total population 
has decreased from 46 to 20 percent. 
Significant changes in the geographical distribution of the 
rural population and industry have taken place as a result of 
the Bratsk water reservoir. About 130,000 people moved to a new 
uninhabited area. In place of the 249 old populated localities 
which were flooded, 68 modern settlements with a variety of pub- 
lic and cultural services have been built. Hundreds of thousands 
of square meters of living space, more than one hundred schools, 
shops, dozens of clubs, preschool children's facilities, medical 
institutions, canteens and other cultural and public service 
buildings have been constructed. Industrial buildings have been 
erected on the new state farms. 
As preparations got under way for the flooding of the bed 
of the Ust-Ilimsk power station, 34 industrial enterprises, about 
2000 houses, 1000 state farm buildings, and other facilities were 
moved to new territories. The Nizhne-Ilimsk district has 20 new 
industrial forestry centers, new settlements and three state farms 
with modern production, cultural facilities, and social services. 
In the past 15 years, the population of the Bratsk-Ilimsk 
Territorial Production Complex (BITPC) has increased 2.3 times, 
the urban population has grown 3.5 times, and the rural population 
has declined by 3.5 percent. The network of urban-type settle- 
ments in the BITPC now includes four towns--Bratsk, Vikhorevka, 
Ust-Ilimsk, and Zheleznogorsk-Ilimsky--and eight urban-type set- 
tlements. Two-thirds of the total population of the BITPC, are 
concentrated in four towns including 46 percent in Bratsk, 8 per- 
cent in Ust-Ilimsk, 7 percent in Zheleznogorsk-Ilimsky, and 5 per- 
cent in Vikhorevka. The eight urban-type settlements account for 
15 percent of the total population, while the rural localities 
account for 19 percent. 
The modern structure of the network of urban settlements 
reflects the stage of industrial development of the BITPC, the 
economic development of new territories, and the use of their 
natural resources. Bratsk plays a major role in the development 
of new industrial centers, towns, and urban-type settlements in 
the BITPC. 
Age and Sex Composition of the Population 
This is an important consideration for the study of the 
quantitative and qualitative composition of the population and 
manpower resources, labor reinforcement of the economy, and also 
drafting national economic plans for the short and long term. 
There is a greater number of men in the Irkutsk Region, 
whereas in Bratsk and the towns of Zheleznogorsk-Ilimsky, and 
Vikhorevka, there is an equal number of men and women. 
The study of social and demographic processes has shown that 
the Irkutsk Region has a favorable situation with respect to the 
sex and age composition of the population. The number of people 
under 15 is more than six times the number of pensioners, while 
the share of active population considerably exceeds the corre- 
sponding figures on the nation and regional levels, particularly 
for the towns of Ust-Ilimsk and Zheleznogorsk-Ilimsky. The per- 
centage of young people (16-29 years) is also high. (Age groups 
are classified as follows: young--under 30; middle age--30-49; 
old age--50 and over.) 
Studies have shown that a high percentage of the population 
is composed of young people. This tends to lower the age indi- 
cator of the population structure and to raise the marriage and 
birthrates. Thus we can conclude that on the whole the structure 
of the population of the BITPC has a favorable effect on the re- 
production of the population and the formation of manpower re- 
sources. 
Natural Growth 
Natural growth occupies a leading place in the general pop- 
ulation growth. The determinating factor of growth is the migra- 
tion influx of population, coupled with a high natural growth. 
The birthrate has undergone considerable changes in recent 
years. The decline in the birthrate is universal for the country 
as a whole and the Irkutsk Region. During the period 1959-1972, 
the birthrate in the areas under review declined to about 1.5 
times its former level. In 1959, the birthrate throughout the 
country was 25 births per 1000 people, in the Irkutsk Region it 
was 27.3 births per 1000, and in the BITPC, 32 births per 1000; 
in 1972 it declined, respectively, to 17.8, 18.7 and 20 births 
per 1000. 
The recent decline in the birthrate was due to a range of 
social and economic factors including urbanization, the active 
participation of women in social production and cultural life, 
the number of young students, and the constant growth in the 
material and cultural requirements of the population. 
The decline in the birthrate in the Irkutsk Region was ac- 
companied by a considerable lower mortality rate. In the Soviet 
Union, the mortality rate coefficient is the lowest in the world; 
in the Irkutsk Region, especially in the towns and districts, it 
is still lower. 
During the period 1959-1972, the mortality rate for the 
country as a whole was 8.5 deaths per 1000 population, in the 
Irkutsk Region it was 7.7 deaths per 1000; the figure declines 
to b.5 in Bratsk, 4.7 in Ust-Ilimsk, and 4.4 in Zheleznogorsk- 
Ilimsky which is about half the national average. 
A comparatively high birthrate and low mortality rate in the 
Region account for the high "naturalt' population growth rate. 
While natural growth in the country as a whole is 9.3 per 1000 
p o p u l a t i o n ,  t h e  f i g u r e  f o r  Z h e l e z n o g o r s k - I l i m s k y  was 22.0 p e r  
1000 o r  n e a r l y  t h r e e  t i m e s  t h e  n a t i o n a l  f i g u r e ,  and f o r  B r a t s k  
i t  i s  15 .6  p e r  1000 o r  60 p e r c e n t  h i g h e r  t h a n  t h e  n a t i o n a l  f i g u r e .  
N a t u r a l  g rowth  a c c o u n t e d  f o r  o n e - t h i r d  o f  t h e  p o p u l a t i o n  i n c r e a s e  
i n  1959-1970; t h e  o t h e r  t w o - t h i r d s  were  t h e  r e s u l t  o f  m i g r a t i o n .  
The l e v e l  o f  n a t u r a l  g r o w t h  i n  t h e  d i s t r i c t s  o f  t h e  BITPC 
e x c e e d s  t h e  r e g i o n a l  a v e r a g e ,  t h e r e b y  g u a r a n t e e i n g  t h e  g r o w t h  
o f  t h e  p o p u l a t i o n  and t h e  r e p l e n i s h m e n t  o f  manpower r e s o u r c e s  
t o  a  s u b s t a n t i a l  d e g r e e .  
M i g r a t i o n  
M i g r a t i o n  a l s o  p l a y s  a n  i m p o r t a n t  r o l e  i n  t h e  p o p u l a t i o n  
g rowth  o f  t h e  BITPC, s i n c e  it is c l o s e l y  c o n n e c t e d  w i t h  t h e  d e v e l -  
opment o f  t h e  p r o d u c t i v e  f o r c e s  and  t h e  t e r r i t o r i a l  c h a n g e s  re- 
s u l t i n g  f rom t h e  deve lopment  o f  new a r e a s .  M i g r a t i o n  is  l a r g e l y  
governed  by t h e  p l a n  and is  c l o s e l y  c o n n e c t e d  w i t h  t h e  movement 
and  r e d i s t r i b u t i o n  o f  manpower and  t h e  f o r m a t i o n  o f  p o p u l a t i o n  
and  manpower r e s o u r c e s .  
I n  t h e  BITPC d u r i n g  t h e  p e r i o d  1959-1973, t h e  p o p u l a t i o n  
grew by 230,000,  o f  which 79 ,000  were  t h e  r e s u l t  o f  n a t u r a l  g rowth  
and  151 ,000  t h r o u g h  m i g r a t i o n .  The i n c r e a s e  i n  manpower was a l -  
mos t  e x c l u s i v e l y  t h e  r e s u l t  o f  m i g r a t i o n  f rom o t h e r  r e g i o n s  o f  
t h e  c o u n t r y .  
~ h u s ,  d u r i n g  t h i s  p e r i o d  m i g r a t i o n  was r e s p o n s i b l e  f o r  a n  
i n c r e a s e  o f  106 ,000  i n  t h e  B r a t s k  p o p u l a t i o n  o r  75 p e r c e n t  o f  
t h e  t o t a l  i n c r e a s e ,  w h i l e  t h e  r e m a i n i n g  25 p e r c e n t  was a c c o u n t e d  
f o r  by  n a t u r a l  g rowth .  I n  U s t - I l i m s k ,  m i g r a t i o n  was r e s p o n s i b l e  
f o r  a  p o p u l a t i o n  i n c r e a s e  o f  26,000 o r  87 p e r c e n t  of  t h e  t o t a l  
p o p u l a t i o n  i n c r e a s e ,  w h i l e  n a t u r a l  g rowth  c o n t r i b u t e d  o n l y  1 3  p e r -  
c e n t .  I n  Z h e l e z n o g o r s k - I l i m s k y ,  t h e  r e s p e c t i v e  f i g u r e s  were  
2 0 , 0 0 0 ,  78 p e r c e n t ,  and 22 p e r c e n t .  I n  Vikhorevka  t h e  c o n t r i b u -  
t i o n  o f  m i g r a t i o n  and n a t u r a l  g rowth  t o  t h e  p o p u l a t i o n  i n c r e a s e  
was e q u a l .  M i g r a n t s  were  a l s o  a  m a j o r  f a c t o r  i n  t h e  p o p u l a t i o n  
g rowth  o f  u r b a n - t y p e  s e t t l e m e n t s .  The m i g r a t i o n  i n f l u x  c o n t r i b u -  
t e d  57 p e r c e n t  t o  t h e  t o t a l  g r o w t h ,  w h i l e  n a t u r a l  g rowth  a c c o u n t e d  
f o r  43 p e r c e n t .  
An a n a l y s i s  o f  t h e  p r o c e s s e s  o f  r u r a l  p o p u l a t i o n  g rowth  shows 
t h a t  n a t u r a l  g rowth  p l a y e d  t h e  p r e d o m i n a n t  r o l e .  
The BITPC is  among t h e  r e g i o n s  t h a t  h a s  a  g r e a t  need  f o r  man- 
power.  T h i s  f a c t  t e n d s  t o  a t t r a c t  t h e  p o p u l a t i o n .  T h e r e  a r e  some 
c o u n t e r a c t i n g  f a c t o r s ,  s u c h  a s  s e v e r e  n a t u r a l  and c l i m a t i c  c o n d i -  
t i o n s  and  low l i v i n g  s t a n d a r d s  a s  compared w i t h  t h e  more d e v e l o p e d  
a r e a s  o f  t h e  c o u n t r y .  
S u r v e y s  c o n d u c t e d  a t  v a r i o u s  e n t e r p r i s e s  o f  t h e  Reg ion  show 
t h a t  t h e  main  r e a s o n  f o r  t h e  o u t - m i g r a t i o n  and  t h e  t u r n o v e r  o f  
t h e  work f o r c e  is  t h e  i n a b i l i t y  o f  p e o p l e  t o  a d a p t  t o  t h e  l o c a l  
climate. According to the findings of the Irkutsk Institute of 
the National Economy, about 17 percent of the people leaving the 
Region do so for this reason [I]. The second reason is inadequate 
housing and shortcomings in the organization of cultural and do- 
mestic life. 
Manpower Resources 
Manpower includes people of working age--men in the 16-59 
age group, and women in the 16-54 age group, as well as employed 
people of the older age group and juveniles under 16. 
The influx of young workers is the major characteristic of 
the growth of population and manpower resources in the BITPC. 
Thus in 1962-1965, the Bratskgesstroi building organization en- 
rolled about 60,000 people, many of whom lacked qualifications. 
Vocational training centers were therefore set up. About 30,000 
new workers were trained; about 20,000 finished courses at the 
center. 
Courses were given in advanced work methods that correspon- 
ded to the present stage of technological progress, and instruc- 
tion was offered in allied trades. The well developed training 
programs provided timely reinforcement of skilled personnel for 
the building projects and enterprises of the BITPC. 
Annually about 3000 workers, engineers, and technicians of 
the Bratsk aluminium works attend various advanced training 
courses within the framework of the economic education system. 
A total of 2382 workers, engineers, and technicians completed 
the courses offered by the center, and over 1000 engineers and 
technicians are attending institutes and technical schools. 
Additional staffing of various sections of industry with 
specialists was generally carried out by engaging graduates of 
institutes and technical schools (35-40 percent) and through the 
selection of personnel among people migrating to construction 
sites on their own initiative (60-65 percent). 
After various work assignments were completed at the 
Bratskgesstroi, groups of builders were sent to other construc- 
tion projects, such as the Ust-Ilimsk hydropower station, the 
Bratsk timber industrial complex, and the Bratsk aluminium works. 
Material and moral incentives have been used to induce skilled 
and experienced personnel to remain in this Region. 
The concern of both the Communist Party and the Soviet 
Government for the well-being of workers in the northern dis- 
tricts of the country found its concrete expression in the Decree 
of the Presidium of the USSR Supreme Soviet which treated the 
Bratsk, the Ust-Ilimsk and the Nizhneilimsk districts on an equal 
basis as the districts of the Far North. People living and work- 
ing there are granted a number of benefits, the most substantial 
being district wage coefficients ranging from 1.3 to 1.6. About 
10 percent wage allowances but not more than 50 percent of monthly 
wages are paid for every year of service in these districts. 
People who work more than two years receive an additional twelve- 
day leave and free vacation travel. In cases of temporary dis- 
ability enterprises pay an allowance equal to 100 percent of the 
actual wages earned by the worker. Persons who work in the region 
for 20 years or more may be pensioned five years earlier than the 
statutory pension age. Thus, men can retire at the age of 55 with 
a service record of 25 years and women at the age of 50 with a 
service record of no less than 20 years. 
At the BITPC, more than one million square meters of housing 
has been set up as well as a broad network of social, cultural, 
and service facilities. The complex has its own television center, 
and a General Engineering Department has been set up at the Poly- 
technical Institute there. Special attention is given to provid- 
ing the population with adequate recreational and rest facilities. 
During the past decade less people were engaged in social 
production. This is viewed as a positive factor, since local 
manpower resources, mainly the second and third members of fami- 
lies, are being more rationally used. The development of light 
industries is an integral part of the overall development of the 
district's economy. The utmost use of local manpower resources 
contributes to the reduction of manpower turnover, and provides 
for greater satisfaction of the requirements of the population 
for consumer goods, and raises general living standards. 
The further provision of cultural and public services en- 
visaged by the Directives of the 24th Congress of the CPSU will 
help to increase the supply of manpower in social production in 
the Region. The development of the Ust-Ilimsk Industrial Region 
and the construction of the Baikal-Amur Railway will have a long 
term effect on the growth of the BITPC. 
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Dynamics, Prognos is ,  and Planning  of  
Popula t ion  Changes i n  t h e  Bra tsk- I l imsk  Areat  
A. Rogers 
Th i s  paper  d e s c r i b e s  t h e  c u r r e n t  popu la t i on  s i t u a t i o n  i n  
t h e  Bra tsk- I l imsk  r eg ion ,  s e t t i n g  it i n  t h e  con tex t  of  p a s t  
r a t e s  of n a t u r a l  i n c r e a s e  and mig ra t ion  i n  t h a t  r eg ion .  The 
r eg ion  may be c h a r a c t e r i z e d  a s  a  r a p i d l y  growing urban c e n t e r  
which r e c e i v e s  a  s u b s t a n t i a l  flow of  young migrants  from i t s  
r u r a l  h i n t e r l a n d  and from o t h e r  urban c e n t e r s .  T h e i r  presence  
c r e a t e s  a  r e l a t i v e l y  young popu la t i on  and t h i s  i n  t u r n  l eads  
t o  a  h i g h e r  average r a t e  of b i r t h  and mig ra t ion  and a  lower 
t han  average  r a t e  of  dea th .  I n  my comments on t h i s  paper ,  I 
would l i k e  t o  i n d i c a t e  how t h i s  d e s c r i p t i o n  of  t h e  c u r r e n t  demo- 
g raph ic  s i t u a t i o n  might be  sharpened and expanded i n  a  way t h a t  
would be u s e f u l  t o  p l anne r s  concerned wi th  t h e  f u t u r e  develop- 
ment of  t h e  r eg ion .  I s h a l l  s t r u c t u r e  my comments around t h r e e  
major p o i n t s :  dynamics, p rognos is  ( f o r e c a s t i n g ) ,  and p lanning .  
DYNAMICS 
The e v o l u t i o n  of  every r e g i o n a l  human popu la t i on  is  governed 
by t h e  i n t e r a c t i o n  of  b i r t h s ,  d e a t h s ,  and migra t ion .  A t  any 
given moment i t s  crude r e g i o n a l  growth and component r a t e s  a r e  
a l l  determined by t h e  i n t e r a c t i o n  of  i t s  r e g i o n a l  age composi- 
t i o n  wi th  t h e  c u r r e n t  a g e - s p e c i f i c  schedules  of f e r t i l i t y ,  mor- 
t a l i t y ,  and geograph ica l  mob i l i t y .  Thus it i s  impor tan t  t o  
r ecogn ize  t h e  i n f l u e n c e  t h a t  t h e  mean age of  a  popu la t i on  has  
on i t s  crude r a t e s .  
Consider  t h e  age - spec i f i c  p r o f i l e s  o f  f e r t i l i t y ,  m o r t a l i t y ,  
and mig ra t ion  t h a t  a r e  s e t  o u t  i n  F igu re s  1 ,  2 ,  and 3 ,  respec-  
t i v e l y .  These schedules  may be aggrega ted  t o  y i e l d  c rude  com- 
ponent  r a t e s  by weight ing  t h e  i n d i v i d u a l  r a t e s  a t  each age wi th  
t h e  p r o p o r t i o n a l  age d i s t r i b u t i o n  of  t h e  popu la t i on  i n  q u e s t i o n .  
S e v e r a l  such d i s t r i b u t i o n s  a r e  p re sen ted  i n  Table  1  and i l l u s -  
t r a t e d  i n  F igu re  4 .  For  t h e  same schedule  one may o b t a i n  com- 
p l e t e l y  d i f f e r e n t  crude r a t e s  by us ing  d i f f e r e n t  age d i s t r i b u -  
t i o n s  a s  weights .  
tcomment on V.V. Vorobyov, L.K. Zmanovskikh, and G.M. Podlinyaev,  
PopuZation and Manpower Resources i n  t h e  BITPC, i n  t h i s  volume. 
Figrre 1. Age-specific birth rates of the female USSR population: 1972-73. 
Figure 2. Age-specific death rates of the female USSR population: 1972-73. 
In-Migration Out-Migration Population by Age Group (a)  (a)  
T o t a l .  . . . . .  
0-15 years . . .  
16-19 " . . . .  
20-24 " . . . .  
25-29 " . . . .  
30-34 " . . . .  
35-39 " . . . .  
40-44 " . . . .  
45-49 " . . . .  
50-54 " . . . .  
55-59 " . . . .  
60 and older . . 
Age not indicated 
Fig~re 3. Age profile of USSR migrants, 1970. 
Source: Rogers (1976). 
Table 1. Age compositions of stable populations for different 
values of the annual rate of growth and following the 
mortality schedule of the 1958-59 life table for the 
USSR population. 
Groups y o o o o o o o o 
0 
1-4 
5-9 
10-14 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
6 5-69 
70-74 
75-79 
80-84 
85-89 
90-94 
95 and 
older 
0-19 
20-59 
60 and 
older 
For  example ,  t h e  c r u d e  d e a t h  r a t e  o f  t h e  USSR p o p u l a t i o n  
under  t h e  m o r t a l i t y  regime d e f i n e d  by F i g u r e  2 would be  r e l a -  
t i v e l y  h i g h  (15 .4 )  i f  t h e  p o p u l a t i o n ' s  a g e  c o m p o s i t i o n  were  t h e  
one  i n  t h e  f i r s t  column o f  T a b l e  1  ( a n  o l d  a g e  c o m p o s i t i o n )  and 
it would be  r e l a t i v e l y  low ( 4 . 6 )  i f  t h e  age  c o m p o s i t i o n  was t h a t  
o f  t h e  l a s t  column ( a  young a g e  c o m p o s i t i o n ) .  Thus it i s  d i f f i -  
c u l t  t o  a s s e s s  s t a t e m e n t s  such  a s :  
I n  t h e  S o v i e t  Union, t h e  m o r t a l i t y  r a t e  c o e f f i -  
c i e n t  i s  t h e  l o w e s t  i n  t h e  w o r l d  and i n  t h e  I r k u t s k  
r e g i o n ,  e s p e c i a l l y  i n  t h e  towns and d i s t r i c t s  o f  t h e  
r e g i o n  under  r e v i e w ,  it i s  s t i l l  l o w e r . .  .. I n  t h e  
c o u n t r y  a s  a  whole t h e  m o r t a l i t y  r a t e  i s  8 . 5  d e a t h s  
p e r  1 0 0 0  p o p u l a t i o n ,  i n  t h e  I r k u t s k  r e g i o n  it i s  7.7 
on t h e  a v e r a g e ,  whereas  t h e  f i g u r e  d r o p s  t o  4 .5  i n  
B r a t s k ,  4.7 i n  U s t - I l i m s k ,  and 4.4 i n  Zheleznogorsk-  
I l i m s k  o r  a l m o s t  h a l f  t h e  country-wide a v e r a g e .  
Figure 4. Age compositions of stable opulations for different values of the 
annual rate of growth (base: on the USSR life table for 1958-59). 
The same argument may b e  used  t o  show t h a t  t h e  h i g h e r  t h a n  
a v e r a g e  f e r t i l i t y  and m i g r a t i o n  r a t e s  i n  t h e  B r a t s k - I l i m s k  re- 
g i o n  a r e  a l s o  p r i m a r i l y  a  consequence o f  i t s  young age  composi- 
t i o n .  N o t i c e  t h a t  b o t h  i n -  and o u t - m i g r a t i o n  r a t e s  s h o u l d  b e  
h i g h .  The h i g h  i n - m i g r a t i o n  r a t e s  a r i s e  because  it i s  t h e  
young l a b o r  f o r c e  t h a t  is  b e i n g  a t t r a c t e d  t o  t h e  r e g i o n .  The 
h i g h  o u t - m i g r a t i o n  r a t e s  a r i s e  b e c a u s e  t h i s  same young popula-  
t i o n  t e n d s  t o  b e  very  mobi le  ( a s  F i g u r e  3 shows) and t h e r e f o r e  
is  l i k e l y  t o  move once a g a i n .  Thus i f :  
The i n f l u x  o f  young workers  i s  t h e  main s p e c i f i c  
f e a t u r e  i n  t h e  f o r m a t i o n  of  p o p u l a t i o n  and l a b o r  re- 
s o u r c e s  i n  t h e  B r a t s k - I l i m s k  TPC, 
t h e n  it i s  n o t  s u r p r i s i n g  t h a t :  
... t h e  s e t t l e m e n t  o f  t h e  p o p u l a t i o n  coming h e r e  i s  
c o m p l i c a t e d  by such  c o u n t e r a c t i v e  f a c t o r s  such  a s  
... h i g h  m i g r a t i o n  m o b i l i t y ,  f l u c t u a t i o n  i n  t h e  work 
f o r c e  s u p p l y  .... 
The p o i n t  I wish  t o  make is  t h a t  t h i s  w i l l  always b e  t h e  
c a s e  s o  long  a s  t h e  B r a t s k - I l i m s k  p o p u l a t i o n  i s  a  young popula-  
t i o n  w i t h  a  low mean a g e  because  t h i s  b e h a v i o r  i s  a  l o g i c a l  
consequence o f  human p o p u l a t i o n  dynamics.  Thus i f  t h e  r e g i o n  
i s  t o  grow r a p i d l y  i n  p o p u l a t i o n  s i z e ,  c o n s i d e r a b l e  e f f o r t  w i l l  
have t o  b e  made t o  i n c r e a s e  t h e  f low of  i n - m i g r a n t s  and t o  
m a i n t a i n  t h i s  f low i n  o r d e r  t o  c o n t i n u o u s l y  r e p l a c e  t h o s e  fo rmer  
m i g r a n t s  who w i l l  l e a v e .  HOW t o  d o  t h i s  and how much t h e  i n -  
c r e a s e  s h o u l d  be  i n  o r d e r  t o  m e e t  t h e  manpower demands o f  t h e  
r e g i o n  l ies  i n  t h e  p r o v i n c e  o f  p r o g n o s i s  and p l a n n i n g .  These 
a r e  t h e  n e x t  two p o i n t s  a b o u t  which I wish  t o  comment. 
PROGNOSIS (FORECASTING) 
Most c o n s i s t e n t  f o r e c a s t i n g  models o f  r e g i o n a l  demographic  
and economic growth have a  r e l a t i v e l y  s i m p l e  c o n c e p t u a l  s t r u c -  
t u r e .  The demographic submodels d e v e l o p  p r o j e c t i o n s  o f  t h e  
s u p p l y  o f  manpower; t h e  economic submodels f o r e c a s t  t h e  e x p e c t e d  
demand f o r  l a b o r .  Imba lances  between t h e  two p r o j e c t i o n s  a c t i -  
v a t e  f o r c e s ,  such  a s  m i g r a t i o n  and changes  i n  l a b o r  f o r c e  p a r -  
t i c i p a t i o n  r a t e s ,  which t e n d  t o  move t h e  demographic-economic 
s y s t e m  toward an e q u i l i b r i u m .  P r o p e r  p l a n n i n g  can  h e l p  e n s u r e  
t h a t  t h i s  e q u i l i b r i u m  i s  r e a c h e d  i n  a n  e f f i c i e n t  and e q u i t a b l e  
manner. 
L e t  m e  b e  more s p e c i f i c  now and s u g g e s t  a  p o s s i b l e  frame- 
work which I have found t o  b e  p a r t i c u l a r l y  u s e f u l .  Assume t h a t  
w e  have  a v a i l a b l e  a  dynamic i n p u t - o u t p u t  model o f  a  r e g i o n a l  
economy o f  t h e  form: 
i n  s u c h  models ,  t o t a l  o u t p u t  a t  t i m e  t ( d e n o t e d  by t h e  v e c t o r  
x ( t ) )  i s  d i v i d e d  between i n t e r i n d u s t r y  demand, i n v e s t m e n t  demand, 
and  f i n a l  demand ( i . e . ,  t h e  t h r e e  q u a n t i t i e s  summed i n  E q u a t i o n  
( 1 ) ) -  
Assume, f u r t h e r ,  t h a t  w e  have  deve loped  a  m a t r i x  p o p u l a t i o n  
p r o j e c t i o n  model o f  t h e  form: 
where w ( t )  i s  a  v e c t o r  d e s c r i b i n g  a  r e g i o n a l  p o p u l a t i o n  d i s -  
a g g r e g a t e d  by age ,  and G i s  a  p o p u l a t i o n  growth m a t r i x  t h a t  
p r o j e c t s  t h e  p o p u l a t i o n  f o r w a r d  by one  i n t e r v a l  o f  t i m e .  
I n  t h e  p a s t ,  e c o n o m i s t s  have  o f t e n  used  t h e  model i n  
E q u a t i o n  ( 1 )  t o  p r o j e c t  t o t a l  o u t p u t  by s e c t o r  and g e n e r a l l y  
have  assumed t h a t  t h e  l a b o r  manpower which would b e  needed t o  
p roduce  t h i s  p r o j e c t e d  t o t a l  o u t p u t  would b e  a v a i l a b l e .  
Demographers,  on t h e  o t h e r  hand,  have o f t e n  t a k e n  t h e  oppo- 
s i t e  e x t r e m e  and have used  t h e  model i n  E q u a t i o n  ( 2 )  t o  p r o j e c t  
t o t a l  p o p u l a t i o n  by a g e  and  s e x ,  under  t h e  i m p l i c i t  p r e m i s e  t h a t  
economic c o n d i t i o n s  and r e l a t i o n s h i p s  would remain unchanged. 
T a b l e  2 i l l u s t r a t e s  what can happen under  e i t h e r  ex t reme 
and compares t h o s e  r e s u l t s  w i t h  ones  t h a t  a r i s e  from y e t  a 
t h i r d  approach--one t h a t  I c a l l  t h e  c o n s i s t e n t  p r o j e c t i o n  ap- 
p roach  and which i s  i l l u s t r a t e d  i n  F i g u r e  5.  
Table  2. Aggregate p r o j e c t i o n s  of t h e  West V i r g i n i a  economy. 
Source: Rogers and Walz (1972) . 
P r o j e c t i o n  196 5  1975 
Independent population project 
T o t a l  p o p u l a t i o n  
Independent economic projection 
T o t a l  g r o s s  ou tpu t*  
Gross  s t a t e  p roduc t*  
T o t a l  popu la t ion  
T o t a l  employment 
Labor-force p a r t i c i p a t i o n  
r a t e  (%)  
Unemployment r a t e  ( % )  
Consistent projection 
T o t a l  popu la t ion  
T o t a l  g r o s s  o u t p u t f  
* B i l l i o n s  o f  d o l l a r s  a t  1965 p r i c e s .  
o u t p u t  
I 1 
Demand f o r  goods 
and s e r v i c e s  Requirements Migra t ion  
I 
Exogenous 
demand 
Figure 5. Conceptual linkage of the supply and demand for labor growth 
models. 
I n  Tab le  2 ,  t h e  c o n s i s t e n t  p r o j e c t i o n  o f  t h e  p o p u l a t i o n  
and economic growth of  t h e  s t a t e  of  West V i r g i n i a  shows a  t o t a l  
p o p u l a t i o n  which is  l e s s  t h a n  p r o j e c t e d  by e i t h e r  o f  t h e  o t h e r  
two approaches .  T o t a l  o u t p u t  a l s o  i s  less t h a n  p r o j e c t e d  by t h e  
" p u r e "  i n p u t - o u t p u t  model ( i - e . ,  when t h a t  model i s  n o t  l i n k e d  
t o  t h e  demographic m o d e l ) .  The p o i n t  t h a t  I wish  t o  emphasize 
i s  s imply t h i s :  one s h o u l d  n o t  model a  demographic-economic 
sys tem e i t h e r  from a  p u r e l y  economic (manpower demand) o r i e n t e d  
p o i n t  o f  view, n o r  from a  p u r e l y  demographic (manpower s u p p l y )  
p e r s p e c t i v e .  The two need t o  be l i n k e d  t o g e t h e r  and such a  mar- 
r i a g e  o f  demography and economet r ics  I s h a l l  c a l l  d e m o m e t r i c s .  
Demometric models u l t i m a t e l y  w i l l  p r o v i d e  p l a n n e r s  w i t h  t h e  
n e c e s s a r y  t o o l s  f o r  u n d e r s t a n d i n g  t h e  demographic-economic s y s -  
t e m s  w i t h  which they  have t o  d e a l  i n  h e l p i n g  dec i s ion-makers  
t o  f o r m u l a t e  human p o p u l a t i o n  s e t t l e m e n t  s t r a t e g i e s  and p o l i c i e s .  
T h i s  i s  t h e  l a s t  p o i n t  which I wish t o  a d d r e s s .  
PLANNING 
F o r  s e v e r a l  y e a r s ,  c o n s i d e r a b l e  i n t e r e s t  h a s  been shown 
by mathemat ica l  economis t s  i n  t h e  p o t e n t i a l  u t i l i t y  o f  t h e  op- 
t i m a l  c o n t r o l  methodology p i o n e e r e d  by such  prominen t  i n t e r -  
n a t i o n a l  s c h o l a r s  a s  P o n t r y a g i n  o f  t h e  USSR and Solow o f  t h e  
USA. The fundamental  i d e a  of  t h e s e  new developments  i s  s i m p l e ,  
even  though i t s  implementa t ion  i s  t e r r i b l y  complex and d i f f i -  
c u l t .  The i d e a  is  t h a t  one s h o u l d  i d e n t i f y  an o b j e c t i v e ,  a  
set  of  i n s t r u m e n t a l  and t a r g e t  v a r i a b l e s ,  and a  model which 
d e s c r i b e s  t h e  b e h a v i o r  of  t h e  sys tem i n  q u e s t i o n .  The i n s t r u -  
m e n t a l  v a r i a b l e s  a r e  t o  be  manipu la ted  s o  a s  t o  a c h i e v e  a  set  of 
f e a s i b l e  t a r g e t s  a t ,  f o r  example,  minimum c o s t .  T h i s  approach 
h a s  c a u g h t  t h e  fancy  o f  s c o r e s  o f  young economis t s  and dozens 
o f  r e c e n t  d o c t o r a l  d i s s e r t a t i o n s  a r e  i t s  c u r r e n t  y i e l d .  
The o p t i m a l  c o n t r o l  approach  a l s o  may b e  a p p l i e d  t o  demo- 
g r a p h i c  and demometric models,  and we a t  IIASA a r e  c u r r e n t l y  
working on t h i s  a s p e c t  of m i g r a t i o n  and s e t t l e m e n t  problems,  
c o n n e c t i n g  it w i t h  o t h e r  r e l a t e d  t o p i c s  such  a s  p o p u l a t i o n  dy- 
namics and demometr ics .  I n  i t s  s i m p l e s t  form,  we c a n  i n t r o d u c e  
i n t o  o u r  model o f  E q u a t i o n  ( 2 ) ,  a n  i n t e r v e n t i o n  v e c t o r ,  u ( t )  s a y  
t o  o b t a i n :  
Now, g i v e n  a  t a r g e t  p o p u l a t i o n  w* f o r  o u r  sys tem,  we c a n  b e g i n  
t o  a s k ,  o f  t h e  model, q u e s t i o n s  such  a s :  
- Is t h e  p o p u l a t i o n  t a r g e t  f e a s i b l e ?  
- I f  t h e  t a r g e t  is  f e a s i b l e ,  how s h o u l d  w e  m a n i p u l a t e  
t h e  i n s t r u m e n t a l  v a r i a b l e s  ( i n  t h i s  c a s e ,  t h e  v e c t o r  
u ( t )  1 ,  t o  a c h i e v e  it w h i l e  s a t i s f y i n g  some p r e d e f i n e d  
c o n s t r a i n t s  and s p e c i f i c  o b j e c t i v e  f u n c t i o n ?  
Answers t o  q u e s t i o n s  s u c h  a s  t h e s e  a r e  o f  pa ramount  i m p o r t a n c e  
i n  d e v e l o p i n g  s t r a t e g i e s  f o r  m i g r a t i o n  and human s e t t l e m e n t  
p o l i c i e s  and f o r  t e s t i n g  t h e  p r o b a b l e  c o n s e q u e n c e s  o f  a l t e r n a -  
t i v e  c o u r s e s  o f  a c t i o n .  
CONCLUSION 
The p a p e r  by Vorobyov, Zmanovskih,  and P o d l i n y a e v  p r e s e n t s  
a  most  i n t e r e s t i n g  p rob lem f o r  s y s t e m s  a n a l y s t s  a t  IIASA. I t  
p o s e s  a  p r o b l e m  t h a t  r e q u i r e s  a n  i n t e r d i s c i p l i n a r y  ( o r  r a t h e r  
a  m u l t i d i s c i p l i n a r y )  s y s t e m s  a n a l y s i s  a p p r o a c h  toward  t h e  r e s o l u -  
t i o n  o f  t h e  i m p o r t a n t  and  u n i v e r s a l  p rob lem o f  i n t e g r a t e d  re- 
g i o n a l  demographic-economic  deve lopment .  T h i s  i s  an  a c t i v i t y  
t h a t  IIASA i s  p a r t i c u l a r l y  w e l l  e q u i p p e d  t o  c a r r y  o u t ,  and  we 
a r e  g r a t e f u l  t o  the t h r e e  a u t h o r s  f o r  p r o v i d i n g  u s  w i t h  a n  
a d d i t i o n a l  i n c e n t i v e  t o  d o  s o .  
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Development P a t t e r ~ o f  Linear-Node Structures of 
Territorial-Production Complexes in Developing Areas 
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INTRODUCTION 
Economic geography is a science that investigates spatial 
systems of economies of different types and scales. Economic 
development of territories is a prerequisite for building up 
such systems. Development "embraces all permanent changes in 
the geographic environment, especially all permanent installa- 
tions constructed by man's efforts" [I, p.661. As the economic 
units in an area grow in number and complexity, the spatial sys- 
tems pass from one state to another. Therefore we can regard 
the economic development of the area as a major geographical 
process. 
The economic progress, together with other socio-economic 
processes, has an important bearing on the formation of the 
territorial-production complexes (TPC) in the developing areas 
that are typical of Siberia and the Far East. This process is 
characterized by specific, localized stages, diverse forms and 
directions of movement. A knowledge of these patterns is essen- 
tial for controlling this process [ 2 ] .  Therefore there is a 
need for studying the formation of linear-node patterns of TPCs 
in developing regions for determining future development trends. 
The concept territorial-industrial complex is neither syn- 
onymous with, nor a substitute for, the more sophisticated notion 
of economic region. This should be borne in mind while reading 
this paper which is based on data on the development of the 
BITPC. A basis for the development of the BITPC is the Taishet- 
Lena Railway line, which is the western branch of the Baikal-Amur 
Railway Line (BAM) that has been operating since the early 1950s. 
This research may be useful for solving similar development prob- 
lems of other regions through which the BAM will pass in the near 
future. The BITPC may be regarded as the main link in the sys- 
tem of TPCs in the BAM zone. The development of such complexes 
is a decisive factor in the formation of new economic regions 
in developing areas. 
To illustrate the role of the BITPC in the region--forming 
process, we shall consider the whole zone where the TPC has 
direct influence, i. e. , the Mid-Angara area. Its boundaries 
(Figure 1) have been delineated by Kosmachev and Losyakova [ 3 ] .  
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Figure 1. Settlement dynamics of hlid-Angara area 
I n  1783 t h e  f i r s t  town b u i l t  i n  t h e  Mid-Angara a r e a  r e p r e -  
s e n t s  t h e  i n i t i a l  e lement  of  t h e  i n f r a s t r u c t u r e  whose deve lop-  
ment h a s  promoted t h e  fo rma t ion  of t h e  BITPC. 
LINEAR-NODE STRUCTURES OF TPCS 
A TPC i s  a compl i ca t ed  (open)  socio-economic system. To 
s t u d y  t h i s ,  c a l l s  f o r  an unde r s t and ing  o f  t h e  n o t i o n  o f  s t r u c -  
tu re - -a  set  o f  e l emen t s  of t h e  sys tem and t h e  ways o f  u n i t i n g  
them t o g e t h e r ,  i n  o t h e r  words, "a  network of l i n k s  between t h e  
e lements"  [ 4 ,  p .  1941 . A s p e c i a l  p l a c e  i n  s t r u c t u r e  be longs  t o  
s p a t i a l  r e l a t i o n s .  The whole ( t h a t  i s ,  t h e  m a t e r i a l  e n t i t y )  
and i t s  p a r t s  have a  c e r t a i n  s i z e  and e x t e n t .  Some components 
may be  l a r g e r  wh i l e  o t h e r s  a r e  s m a l l e r ,  b u t  t h e y  a l l  occupy some 
d e f i n i t e  p l a c e  i n  t h e  whole; moreover,  t hey  a r e  a r r anged  i n  a  
r e g u l a r  and p rope r  manner. I t  is  t h i s  arrangement  o f  t h e  p a r t s  
i n  space  and t h e  d i s t a n c e s  between them t h a t  a r e  v i t a l  f o r  t h e  
s t a b i l i t y  and s t r e n g t h  of  t h e  sys tem [5, p .  11 I . .  
The nodes  o f  s p a t i a l  l i n k s  ( towns and communication l i n e s )  
a r e  t h e  b a s i c  e l e m e n t s  i n  t h e  TPC s t r u c t u r e s  and may be  c a l l e d  
l i n e a r - n o d e  s t r u c t u r e s ,  which i n  t h e i r  t o t a l i t y  c o n s t i t u t e  t h e  
" s k e l e t o n  o f  t h e  s p a t i a l - e c o n o m i c  s t r u c t u r e  o f  a  c o u n t r y "  [ 6 ] .  
Hence, d a t a  on t h e  f o r m a t i o n  o f  towns a r e  p a r t i c u l a r l y  e s s e n -  
t i a l  t o  t h e  s t u d y  o f  h o r i z o n t a l  a s p e c t s  o f  t h e  development  o f  
l i n e a r - n o d e  TPC s t r u c t u r e s .  
I n  t h i s  r e s p e c t ,  g r a p h s  may be  h e l p f u l  s i n c e  i n f o r m a t i o n  
a b o u t  TPC s t r u c t u r e  can be  r e p r e s e n t e d  on a  s c a l e  "by a  coher -  
e n t  sys tem o f  symbols o r i e n t e d  i n  s p a c e ,  r a t h e r  t h a n  by d i s c r e t e  
symbols"  [ 7 ,  pp. 15,161.  
POSSIBLE APPROACHES TO DEVELOPING DYNAMIC MODELS OF 
LINEAR-NODE STRUCTURES OF TPC 
S a u s h k i n  b e l i e v e s  t h a t  " m a t r i x  m a t h e m a t i c a l  mode l s ,  o r  
even g r o u p s  o f  models ,  a r e  i n a d e q u a t e  f o r  s o l v i n g  t h e  problems 
o f  t h e  s p a t i a l  o r g a n i z a t i o n  o f  TPC. Graphs and maps s h o u l d  be 
drawn t o  supplement  t h e s e ,  and t h e  g r a p h  method s h o u l d  be  moved 
t o  t h e  f o r e g r o u n d "  [8, p.4361. Based on t h i s ,  w e  deve loped  
models t h a t  p r o c e e d  from Bunge ' s  s t a t e m e n t  t h a t  " s p e c i f i c  o p t i m a l  
d i s p l a c e m e n t s  g i v e  rise t o  s p e c i f i c  c o n f i g u r a t i o n s ,  i . e .  geometry 
and d i s p l a c e m e n t s  a r e  c l o s e l y  i n t e r r e l a t e d  i n  s p a c e "  [ 9 ,  p.2144). 
Under c e r t a i n  s p e c i f i c  a s s u m p t i o n s  space configurations can  
y i e l d  i n f o r m a t i o n  on t h e  d i s p l a c e m e n t s  which g e n e r a t e  t h e s e  con- 
f i g u r a t i o n s  and t h e  s p a t i a l  l i n k s  t h a t  a r e  t y p i c a l  o f  them. 
T h i s  p a p e r  d e a l s  w i t h  s p e c i f i c  displacement configurations 
formed on t h e  map of t h e  Mid-Angara a r e a  by s e t s  o f  urban a r e a s .  
I t  i s  a  g r a p h  made up o f  i s o l a t e d  nodes  ( z e r o - g r a p h ) .  Our t a s k  
was t o  c o n v e r t  t h i s  ze ro -graph  i n t o  a  tree,  s i n c e  " t h e  g r a p h  o f  
t h e  c h e a p e s t  c o n n e c t i n g  network must  b e  a  t r e e "  [ l o ,  p .521.  In-  
d e e d ,  such  a  network i s  t y p i c a l  o f  t h e  i n i t i a l  s t a g e s  o f  economic 
development  o f  any t e r r i t o r y ,  t h e  Mid-Angara a r e a  b e i n g  n o  excep-  
t i o n .  
We used  a  s p e c i f i c  t e c h n i q u e ,  t h e  Wroclaw taxonomy method 
o r  t h e  Wroclaw d e n d r i t e ,  f o r  r o u g h l y  d e t e r m i n i n g  t h e  l a y o u t  o f  
s p a t i a l  l i n k s  c o r r e s p o n d i n g  t o  some c o n f i g u r a t i o n  o f  t h e  u rban  
a r e a .  The a p p l i c a t i o n  o f  t h i s  t e c h n i q u e  i s  d e s c r i b e d  i n  d e t a i l  
by Lewinski  [ I  1  ]  . 
R e c e n t l y ,  S o v i e t  g e o g r a p h e r s  have used  t h i s  method f o r  
s t u d y i n g  t h e  s p a t i a l  o r g a n i z a t i o n  o f  socio-economic s y s t e m s  i n  
v a r i o u s  p a r t s  o f  t h e  USSR, i n c l u d i n g  E a s t  S i b e r i a  [ 1 2 , 1 3 ] .  
D e n d r i t e  c o n s t r u c t i o n  t e c h n i q u e s  have been  used  t o  d e t e r -  
mine,  i n  t h e  f i r s t  a p p r o x i m a t i o n ,  t h e  g e n e s i s  o f  t h e  l a y o u t  o f  
s p a t i a l  l i n k s  which a r e  t h e  p r i n c i p a l  e l e m e n t s  i n  TPC s t r u c t u r e s .  
S p e c i a l  m a t r i c e s  were compiled on t h e  b a s i s  of two c l o s e l y  i n t e r -  
c o n n e c t e d  i n d i c e s :  f o u n d a t i o n  d a t e s  o f  u rban  s e t t l e m e n t s ,  and 
d i s t a n c e s  between them. These i n d i c e s  w e r e  n o t  used by t h e  
a u t h o r s  o f  t h e  Wroclaw d e n d r i t e  method. 
T a b l e  1  l is ts  t h e  d a t a  f o r  a n a l y z i n g  t h e  development o f  
t h e  c i t y  s y s t e m  i n  t h e  p e r i o d  1783 t o  1956. S e t t l e m e n t s  t h a t  
a r e  more c l o s e l y  l o c a t e d  have  been chosen s u c c e s s i v e l y  from t h e  
columns o f  t h e  m a t r i x  (1-1 7) . They a r e  t h e n  connez ted  by l i n e s  
on t h e  map ( F i g u r e  2) showing t h e  s p a t i a l  d i s t r i b u t i o n  o f  t h e  
u rban  s e t t l e m e n t s  i n  t h e  g i v e n  p e r i o d  o b s e r v i n g  t h e  d e n d r i t e  
r u l e :  l i n k s  formed e a r l i e r  and l i n k s  which c l o s e  t h e  network 
s h a l l  b e  e l i m i n a t e d  [ 111 . 
I n  o u r  example,  s e t t l e m e n t s  1  and 11,  2  and 3 ,  3 and 11,  
4 and 7, e t c . ,  were l i n k e d .  E v e n t u a l l y ,  a l l  urban s e t t l e m e n t s  
on t h e  map w i l l  b e  u n i t e d  i n t o  one sys tem w i t h  t h e  c h a r a c t e r i s -  
t i c  subsys tems .  Thus f o r  t h e  r e l e v a n t  development  p e r i o d s  we 
o b t a i n  g raph  models ,  p r e p a r e d  on t h e  s c a l e  o f  t h e  map, o f  t h e  
l i n e a r - n o d e  s t r u c t u r e  of  t h e  Mid-Angara ( F i g u r e  2 ) .  
Figure 2. Development of linear-node structure in the Mid-Angara area. 
(See next page for key.) 
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A comparison of  t h e  d a t a  i n  F i g u r e s  1  and 2  w i t h  t h e  d a t a  
on t h e  r e g i o n a l  f e a t u r e s  o f  t h e  s p a t i a l  o r g a n i z a t i o n  o f  produc- 
t i v e  f o r c e s  i n  t h e  Mid-Angara a r e a  [14 ,15 ,16 ,17 ,18]  showed t h a t  
o u r  r e t r o s p e c t i v e  g raph  models a g r e e d  w i t h  r e a l i t y ,  and t h a t  
s i g n i f i c a n t  f e a t u r e s  of t h e  development o f  t h e  " s k e l e t o n  of  
r e a l i t y "  a r e  t y p i c a l  o f  t h e  a r e a .  
The models r e p r e s e n t  b o t h  t h e  g e n e s i s  o f  t h e  l i n e a r - n o d e  
p a t t e r n  o f  t h e  Mid-Angara a r e a  a s  a  whole and i t s  s p e c i f i c  spa-  
t i a l  economic subsys tems .  By 1975 f o u r  such  subsys tems  w i l l  
have been formed: c e n t r a l  ( B r a t s k )  , w e s t e r n  ( T a i s h e t )  , e a s t e r n  
( Z h e l e z n o g o r s k - I l i m s k ) ,  and s o u t h e r n .  Unl ike  t h e  o t h e r s ,  t h e  
s o u t h e r n  subsys tem c o n s i s t s  of a  c h a i n  of l o o s e l y  i n t e r c o n n e c t e d  
u rban  s e t t l e m e n t s - - d i s t r i c t  c e n t e r s  hav ing  no s a t e l l i t e  town- 
s h i p s .  T h i s  is  a  s i g n  of  i t s  d e l a y e d  development ,  a s  compared 
w i t h  t h e  n o r t h e r n  subsys tems  which p l a y  t h e  l e a d i n g  r o l e  i n  
s h a p i n g  t h e  BITPC. The B r a t s k  and Zheleznogorsk-I l imsk l o c a l  
g roups  have been f u n c t i o n i n g  f o r  a b o u t  two d e c a d e s .  P o p u l a t i o n  
growth h a s  t a k e n  p l a c e  mos t ly  i n  towns t h a t  a r e  t h e  main sett le-  
ment c e n t e r s .  These  u rban  s e t t l e m e n t  g roups  f u n c t i o n  a s  c o r e s  
f o r  i n d u s t r i a l  nodes whose development is  d e s c r i b e d  i n  [ 1 9 , 2 0 ] .  
Table 1. Distances between urban settlements. 
(mm, scale 1:5 million) 
Urban 
settlements*) 
Nizhneudinsk 
Zima 
Tulun 
Biryusinsk 
Zhigalovo 
Ust-Kut 
Taishet 
Neroi 
Zayarsk 
Alzamai 
Shumsk 
Kvitok 
Uralo-Klyuchi 
Bratsk 
Oktyabrsk 
Chunsk 
Shestakovo 
* )  Figures in brackets represent the year each was founded. 
**) Have not appeared in urban settlement registers since 1954. 
These development  f e a t u r e s  of  t h e  l i n e a r - n o d e  s t r u c t u r e  o f  
t h e  BITPC can  b e  a t t r i b u t e d  t o  t h e  advan tageous  economic and 
g e o g r a p h i c a l  p o s i t i o n  o f  t h e  E a s t  S i b e r i a n  i n d u s t r i a l  complex 
a s  a  whole .  According t o  t h e  d r a f t  p l a n s  advanced by Kolosovsky,  
t h i s  g o a l  was t o  b e  a c h i e v e d  by 
... c r e a t i n g  a  d o u b l e  l i n k  between t h e  s o u t h e r n  and 
c e n t r a l  a r e a s  of  t h i s  zone w i t h  t h e  C e n t r a l  and 
S o u t h e r n  U r a l s  and w i t h  t h e  c e n t r a l  and s o u t h e r n  
European a r e a s  o f  t h e  USSR: two main r a i l w a y  l i n e s  
l a i d  i n  t h e s e  d i r e c t i o n s  must  and ,  i n  e n g i n e e r i n g  
t e r m s ,  c a n  have  s u f f i c i e n t  c a p a c i t i e s  t o  p r o v i d e  
f o r  two-way mass s c a l e  t r a n s p o r t .  The w e s t e r n  
r a d i u s  i s  t h e  backbone o f  t h e  f u t u r e  economy o f  t h e  
USSR. The f a r - e a s t e r n  r a d i u s  p r o v i d e s  t h e  economic 
l i n k s  between S i b e r i a ,  t h e  U r a l s  and t h e  C e n t e r ,  on 
t h e  one  hand,  and t h e  F a r  E a s t  and t h e  P a c i f i c  c o a s t ,  
on t h e  o t h e r  hand .... Two more r a d i i  s h o u l d  b e  men- 
t i o n e d :  t h e  n o r t h - e a s t e r n  and t h e  Nor th -Yenisse i .  
The c r e a t i o n  and r e c o n s t r u c t i o n  of  t h e s e  communica- 
t i o n  l i n e s  and t h e  i n t e r n a l  network o f  t h e  f u t u r e  
E a s t  S i b e r i a n  i n d u s t r i a l  complex, on t h e  b a s i s  o f  
l a t e s t  advances  i n  e n g i n e e r i n g ,  w i l l  make i t  p o s s i b l e  
t o  t a p  t o  f u l l e r  u t i l i z a t i o n  o f  a l l  t h e  a d v a n t a g e s  
o f  t h e  economic-geographic  p o s i t i o n  [21,  p .301.  
The i m p o r t a n c e  o f  t h e  RITPC i n  t h e  development  o f  t h e  E a s t  
S i b e r i a n  i n d u s t r i a l  complex i s  r e f l e c t e d  i n  i t s  l i n e a r - n o d e  
s t r u c t u r e ,  which i s  of  paramount impor tance  i n  t h e  development  
of  i n t e r r e g i o n a l  communicat ions  a l o n g  t h e  d i r e c t i o n s  ( r a d i i )  
o u - t l i n e d  by Kolosovsky. 
The g r a p h  models p r e s e n t e d  h e r e  show t h a t  t h e  l i n e a r - n o d e  
s t r u c t u r e  o f  t h e  TPC i s  h i g h l y  mobi le  i n  t h e  new development  
a r e a s  o f  t h e  Near Nor th .  T h i s  s h o u l d  b e  t a k e n  i n t o  a c c o u n t  by 
t h e  a r e a  p l a n n e r s ,  who a r e  g e n e r a l l y  i n c l i n e d  t o  o v e r e s t i m a t e  
t h e  s t a b i l i t y  o f  e x i s t i n g  p l a n n i n g  p a t t e r n s  [ 2 2 ,  p .  431. 
These  g r a p h  models  c a n  a l s o  b e  u s e f u l  i n  d e t e r m i n i n g  t h e  
development  t r e n d s  o f  t h e  l i n e a r - n o d e  s t r u c t u r e  o f  t h e  TPC. 
I n  e v a l u a t i n g  such  t r e n d s ,  s p e c i a l i s t s  o f t e n  c o n f i n e  themse lves  
t o  showing on maps o n l y  t h e  l o c a t i o n s  o f  t h e  " r e s e r v e  si tes  f o r  
t h e  p r o b a b l e  new towns" [ 2 2 ,  p.1701. However, such  maps f a i l  
t o  show t h e  f o r m a t i o n  p a t t e r n  o f  t h e  framework a s  a  whole  and 
t h e  i n d i v i d u a l  p l a n n i n g  a x e s ,  though t h i s  i n f o r m a t i o n  i s  e s s e n -  
t i a l  t o  r e g i o n a l  p l a n n i n g .  
We b e l i e v e  t h a t  t h e  p r o b a b l e  l o c a t i o n  of  s u c h  a x e s  i n  an 
a r e a  c a n  b e  t e n t a t i v e l y  judged from a n  a n a l y s i s  of  t h e  g raph  
models  which w e  have  s u g g e s t e d  f o r  t h e  TPC l i n e a r - n o d e  s t r u c -  
t u r e s .  For  example ,  F i g u r e  3  shows t h e  e x p e c t e d  s h i f t s  i n  t h e  
l o c a t i o n  o f  p r i n c i p a l  s t r u c t u r a l  e l e m e n t s .  These  s h i f t s  w i l l  
l a r g e l y  b e  c a u s e d  by t h e  b u i l d - u p  o f  new urban  p l a c e s  ( p o i n t  
38-40) on si tes  proposed  by P e r t s i k  on t h e  s k e l e t o n  map 
" C l a s s i f i c a t i o n  o f  S i b e r i a n  Towns on t h e  B a s i s  o f  Area P l a n s  
Accord ing  t o  C o n d i t i o n s  o f  Long-Term Development" [ 2 2 ,  p .1701.  
The a n a l y s i s  o f  t h e s e  s h i f t s  shows t h a t  t h e  l i n e a r - n o d e  
s t r u c t u r e  a s  a  whole i s  h i g h l y  s e n s i t i v e  t o  t h e  p l a c e  and t i m e  
of  t h e  i n c l u s i o n  o f  a  new e l e m e n t .  By s t u d y i n g  t h e s e  s h i f t s ,  
w e  c a n  d i s c o v e r  new c o n c e p t s  o f  t h e  long- range  development o f  
l i n e a r - n o d e  s t r u c t u r e s ,  an i m p o r t a n t  o b j e c t i v e  of g e o g r a p h i c  
f o r e c a s t i n g .  T h i s  i n v o l v e s  p r e d i c t i n g  t h e  l i l t e l y  o u t l i n e  o f  t h e  
f u t u r e  l o c a t i o n  o f  " i n d u s t r i a l  and s e t t l e m e n t  u n i t s  i n  s t r i p s  
most  f a v o r a b l e  f o r  development ,  w i t h  communication a l l e y s  ( p l a n  
a x e s )  and t h e i r  f o c i  ( p l a n  nodes)  " [23,  p .  91  . F u r t h e r  c o n s t r u c -  
t i o n  o f  t h e  B F d  and t h e  i n e v i t a b l e  development  o f  new townsh ips  
a r e  bound t o  p l a y  a  major  r o l e  i n  t h e  long- range  development  o f  
t h e  p r i n c i p a l  e l e m e n t s  o f  t h e  l i n e a r - n o d e  s t r u c t u r e s  i n  t h i s  
a r e a  (see F i g u r e  3,  p o i n t  40). 
One can  t h u s  p r e d i c t  t h a t  t h e  BITPC w i l l  g r e a t l y  i n f l u e n c e  
t h e  f o r m a t i o n  o f  l i n e a r - n o d e  s t r u c t u r e s  i n  a d j a c e n t  a r e a s .  T h i s  
must b e  b o r n e  i n  mind i n  d r a f t i n g  t h e  s p a t i a l  o r g a n i z a t i o n  o f  
t h e  p r o d u c t i v e  f o r c e s  t h e r e .  
@ P r i o r  t o  1949 
1954-1963 
0- 1964-1974 
0 P r e d i c t e d  
1 - 37 Urban s e t t l e m e n t s  
(See  F i g u r e  2 f o r  names.) 
38 - 40 Towns (p l anned )  
Figure 3. Model of the development of the linear-node structure of the 
Mid-Angara area, nodes and layout of spatial links. 
T h e r e f o r e ,  o u r  g raph  models o f  TPC l i n e a r - n o d e  s t r u c t u r e s  
c a n  p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  on p a s t  f u t u r e  development 
s t a g e s .  I n  p a r t i c u l a r ,  t h e y  show p o s s i b l e  changes i n  t h e  d i r e c -  
t i o n s  of  s p a t i a l  l i n k s  which w i l l  a r i s e  i n  t h e  f o r m a t i o n  o f  new 
economic c e n t e r s .  They can  be used  t o  s t u d y  t h e  f o r m a t i o n  o f  
r e g i o n s  i n  d e v e l o p i n g  a r e a s ,  a s  t h e s e  s t r u c t u r e s  f u n c t i o n  a s  t h e  
i n f r a s t r u c t u r e  framework i n  t h e  development of  economic r e g i o n s .  
T h i s  problem,  however, c a l l s  f o r  a d d i t i o n a l  i n f o r m a t i o n ,  p a r t i c -  
u l a r l y  on s p a t i a l  d i f f e r e n c e s  between t h e  s e t t . l e m e n t  p a t t e r n s  o f  
d e v e l o p i n g  a r e a s .  
REGION-FORLIATION STAGES I N  DEVELOPING AREAS 
Kolosovsky h a s  d i s t i n g u i s h e d  f i v e  s t a g e s  i n  t h e  development  
o f  t h e  s o c i a l i s t  economy o f  economic r e g i o n s .  The f i r s t  s t a g e  
i s  t h e  c u r r e n t  s i t u a t i o n  i n  r e s e r v e  t e r r i t o r i e s - - i n i t i a l  s t a g e  
of  e x p l o r a t i o n  and development  o f  p r o d u c t i v e  f o r c e s ,  t h e i r  g r o s s  
o u t p u t  i s  s m a l l  and h a s  l o c a l  s i g n i f i c a n c e  o n l y ,  t h e  popula-  
t i o n  d e n s i t y  i s  low and t h e  t r e n d s  o f  f u t u r e  economic develop-  
ment have  n o t  been e s t a b l i s h e d .  The s u b s e q u e n t  s t a g e s  a r e  (11) 
p i o n e e r  economy, (111) l a r q e - f o c u s  development ,  ( I V )  powerfu l  
economic f o c i ,  and,  (V) f  u l l f  l edged  complex economy. 
Each o f  t h e  s t a g e s  i s  d i s t i n g u i s h e d  by i t s  s p a t i a l  o r g a n i z a -  
t i o n  o f  p r o d u c t i v e  f o r c e s .  Saushkin  b e l i e v e s  t h a t  " t h e  most 
s i g n i f i c a n t  changes  i n  t h e  network,  t r e n d s ,  s p e c i a l i z a t i o n ,  and 
p l a c e  i n  t h e  sys tem o f  r e g i o n a l  d i v i s i o n  of  l a b o r  t a k e  p l a c e  i n  
r e g i o n s  a t  development s t a g e s  I1 and 111" [ 8 ,  p . 4 2 2 ) .  T h e r e f o r e ,  
s p e c i a l  d iagrams  o f  p o p u l a t i o n  dynamics a r e  needed t o  i d e n t i f y  
t h e s e  reg ion- forming  s t a g e s  ( F i g u r e  11 ,  which a r e  based  on cen- 
s u s e s  d a t a  from 1926, 1939, 1959, and 1970, and a n n u a l  s t a t i s t i c s  
f o r  t h e  p e r i o d  1965-1973 showing t h e  p o p u l a t i o n  changes i n  t h e  
a d m i n i s t r a t i v e  r e g i o n s  o f  t h e  Mid-Angara a r e a  a t  d i f f e r e n t  s t a g e s .  
D e t a i l s  on  t h e  p r o c e d u r e s  f o r  compi l ing  and u s i n g  such  g r a p h s  a r e  
g i v e n  by Kosmachev and Losyakova i n  [ 3 ] .  
Indeed ,  a n a l y z i n g  t h e  d iagram ( F i g u r e  1 )  made it p o s s i b l e  
t o  o u t l i n e ,  i n  t h e  f i r s t  approx imat ion ,  t h e  t i m e  l i m i t s  of  t h e s e  
p e r i o d s :  namely, t h e  t r a n s i t i o n  from s t a g e  I t o  s t a g e  I1 t o o k  
p l a c e  i n  t h e  mid-1940s; from I1 t o  111, s i n c e  1950, and from 
s t a g e  I11 t o  s t a g e  I V ,  i n  t h e  l a t e  1960s and e a r l y  1970s. 
The development  of  t h e  f o r e s t  i n d u s t r y  began i n  t h e  Mid- 
Angara a r e a  i n  t h e  1940s,  and it changed t h e  p o p u l a t i o n  p a t t e r n  
o f  a  number o f  component r e g i o n s .  S p a t i a l  d i f f e r e n t i a t i o n  i n  t h e  
p o p u l a t i o n  p a t t e r n  became more n o t i c e a b l e  i n  s u b s e q u e n t  y e a r s ,  
owing t o  t h e  i n d u s t r i a l i z a t i o n  o f  t h e  a r e a .  A s  a r e s u l t ,  t h r e e  
g roups  o f  r e g i o n s  w i t h  d i s t i n c t  p o p u l a t i o n  p a t t e r n s  were formed 
i n  t h e  1960s ( F i g u r e  1 ) .  I n  t h e  r e g i o n s  o f  t h e  f i r s t  g roup ,  which 
c o n t a i n  t h e  r e g i o n s  o f  t h e  f a s t e s t  p o p u l a t i o n  growth,  t h e  c o r e  o f  
t h e  TPC ( r e g i o n s  10 ,  11, 14)  and t h e  major  i n d u s t r i a l  nodes  
( r e g i o n s  12,  and 1 3 )  of  t h e  Mid-Angara a r e a  were formed. The 
r e g i o n s  o f  g roups  I1 and I11 form t h e  i n f l u e n c e  zone o f  t h e  TPC 
c o r e .  C o n s i d e r a b l e  s p a t i a l  d i f f e r e n c e s  between p o p u l a t i o n  p a t -  
t e r n s  a r e  o b s e r v e d  i n  t h i s  zone ( F i g u r e  1 ) . Analyzing t h e s e  d i f -  
f e r e n c e s ,  we f i r s t  n o t e d  a  g roup  o f  r e s e r v e  r e g i o n s  ( 1 1 1 - e ) ,  
whose development  depends more on t h e  BITPC t h a n  on any o t h e r  
complex. I n  t u r n ,  r e g i o n s  4-7 (11-d) because  o f  t h e i r  economic- 
g e o g r a p h i c  p o s i t i o n ,  can b e  r e g a r d e d  a s  b o r d e r  a r e a s  d e l i n e a t -  
i n g  t h e  i n f l u e n c e  zones  o f  t h e  B r a t s k - I l i m s k  and t h e  I r k u t s k -  
Cheremkhovo TICS. 
These p o p u l a t i o n  d i f f e r e n c e s  i n  t h e  Mid-Angara a r e a  a r e  
c l e a r l y  s e e n  i n  t h e  map ( F i g u r e  1 )  which shows a r e a s  w i t h  s i m i -  
l a r  p o p u l a t i o n  dynamics.  With t h e  h e l p  o f  s u c h  s k e l e t o n  maps 
w e  can  e a s i l y  n o t e  g roups  o f  a d m i n i s t r a t i v e  d i s t r i c t s  w i t h  s i m i -  
l a r  p o p u l a t i o n  dynamics.  Hence t h e  r e g i o n a l  d i f f e r e n c e s  t y p i c a l  
o f  t h e s e  r e g i o n s  can  b e  more e a s i l y  i d e n t i f i e d .  
W e  can  t h u s  s a y  t h a t  t h e  a n a l y s i s  o f  p o p u l a t i o n  p r o c e s s e s  
of  t h e  Mid-Angara a r e a  w i t h  t h e  a i d  o f  g r a p h s  and s k e l e t o n  maps 
h a s  i d e n t i f i e d  c e r t a i n  t r e n d s  i n  i t s  s p a t i a l  and t e m p o r a l  d i f -  
f e r e n t i a t i o n .  The s t a g e s  i n  t h e  s e t t l e m e n t  p r o c e s s  and t h e  
r e s u l t i n g  s p a t i a l  d i f f e r e n c e s  d e s e r v e  p a r t i c u l a r  a t t e n t i o n .  
Problems o f  d e v e l o p i n g  t h e  p r o d u c t i v e  f o r c e s  i n  t h e  b o r d e r  
a r e a s ,  which demarca te  t h e  i n f l u e n c e  zones o f  t h e  a d j a c e n t  TPC, 
i n  t h i s  c a s e  t h e  B r a t s k - I l i m s k  and t h e  Irkutsk-Cheremkhovo TPCs, 
c a l l  f o r  a  d i f f e r e n t i a t e d  approach .  
I n  g e n e r a l ,  s p a t i a l  d i f f e r e n t i a t i o n  w i t h  due  r e g a r d  f o r  
t e r r i t o r i a l  d i f f e r e n c e s  b u i l t  up d u r i n g  t h e  f o r m a t i o n  o f  t h e  TPC 
is  a  r e q u i s i t e  f o r  more e f f i c i e n t  r e g i o n a l  o r g a n i z a t i o n  o f  p ro-  
d u c t i v e  f o r c e s  i n  p i o n e e r  economy a r e a s .  
CONCLUSIONS 
Systems of  g r a p h  models based  on t h e  method d e s c r i b e d  i n  
t h i s  p a p e r  a r e  h e l p f u l  i n  u n d e r s t a n d i n g  t h e  development  p a t t e r n s  
o f  TPC l i n e a r - n o d e  s t r u c t u r e s .  T h i s  method i n v o l v e s  a n a l y z i n g  
t h e  f o r m a t i o n  o f  t h e  c o n f i g u r a t i o n  o f  towns and  t h e i r  s p a t i a l  
l i n k s .  
I m p o r t a n t  s o u r c e s  o f  i n f o r m a t i o n  f o r  model ing TPC s t r u c -  
t u r e s  a r e  maps showing t h e  c u r r e n t  and e x p e c t e d  s p a t i a l  d i s t r i -  
b u t i o n  o f  towns and s p e c i a l  m a t r i c e s  complied on t h e  b a s i s  o f  
two c l o s e l y  i n t e r c o n n e d t e d  p a r a m e t e r s ,  i . e . ,  t i m e  o f  f o u n d a t i o n  
o f  u rban  s e t t l e m e n t ,  and d i s t a n c e s  between them. 
The p a t t e r n  o f  t h e  l i n e s  o f  s p a t i a l  l i n k s  c h a r a c t e r i s t i c  o f  
a  p a r t i c u l a r  a r rangement  o f  t h e  node e l e m e n t s  i n  TPC s t r u c t u r e s  
( towns)  c a n  b e  o b t a i n e d  by a  p r o p e r  a p p l i c a t i o n  o f  t h e  Wroclaw 
d e n d r i t e  method. 
The graph  models y i e l d  new s p a t i a l  and t e m p o r a l  i n f o r m a t i o n  
on t h e  development  o f  t h e  TPC l i n e a r - n o d e  s t r u c t u r e s  a t  v a r i o u s  
s t a g e s  o f  r e g i o n  f o r m a t i o n ,  i n c l u d i n g  t h e  l o n g  r a n g e .  T h i s  f a c t  
s p e a k s  i n  f a v o r  o f  u s i n g  t h e s e  mode l s  t o  f o r e c a s t  t h e  d e v e l o p -  
ment  o f  t h e  TPC l i n e a r - n o d e  s t r u c t u r e s  f o r  i n c r e a s i n g  t h e  e f f e c -  
t i v e n e s s  o f  r e g i o n - f o r m i n g  p r o c e s s e s  i n  d e v e l o p i n g  a r e a s .  
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komple  k s o v ,  USSR Academy o f  S c i e n c e s ,  S i b e r i a n  
D e p a r t m e n t ,  N o v o s i b i r s k ,  197 1 ( i n  R u s s i a n )  . 
1201 Economic -Geograph ic  Problems  o f  t h e  F o r m a t i o n  o f  t h e  
R e g i o n a l - P ~ ~ o d u c t i o n  Complexes  i n  S i b e r i a ,  V o l s .  3 -5 ,  
USSR Academy o f  S c i e n c e s ,  S i b e r i a n  D e p a r t m e n t ,  
N o v o s i b i r s k ,  1971-1973 ( i n  R u s s i a n ) .  
[211 ~ o l o s o v s k y ,  N . N .  Prob lems  o f  S p a t i a l  O r g a n i z a t i o n  o f  
P r o d u c t i v e  F o r c e s  i n  S i b e r i a ,  USSR Academy o f  
S c i e n c e s ,  S i b e r i a n  D e p a r t m e n t ,  N o v o s i b i r s k ,  1971 
( i n  R u s s i a n ) .  
[ 2 2 ]  P e r t s i k ,  E . N . ,  R e g i o n  P l a n n i n g :  G e o g r a p h i c a l  A s p e c t s ,  
Nauka,  Moscow, 1973 ( i n  R u s s i a n )  . 
[ 2 3 ]  P e r t s i k ,  E . N . ,  Economic-Geographic  Prob lems  o f  R e g i o n a l  
P l a n n i n g  i n  t h e  USSR, a b s t r a c t  o f  d o c t o r a l  t h e s i s ,  
MGU, Moscow, 1974 ( i n  R u s s i a n ) .  
Systems Approach and Mathematical Models 
For Integrative Planning of the Development 
Of a New Industrial Region? 
J.R. Miron 
The construction of models of urban development within an 
interurban system or network of centers is one of the most vex- 
ing problems in location theory. How does one urban development 
affect the growth prospects of other areas? What role does the 
geometry and modal mix of the regional transportation and com- 
munication system play in shaping this effect? To what extent 
is such an effect socially efficient or optimal? Even if one 
restricts these questions to purely economic aspects, this spa- 
tial aspect of development is difficult to unravel. 
Most researchers have attempted to use simplified models to 
get at "broad brush'' answers. To obtain better answers, they 
would argue, one must use models that are too complicated to be 
feasible. Kosmachev's paper would seem to indicate that he is 
also of this belief. He uses a variant of the "minimal spanning 
tree" approach to suggest the spatial linkages existing among 
centers in the Mid-Angara area.* He then argues that the re- 
sulting spanning tree closely resembles the spatial distribution 
of the productive activity in the area.** Assuming that this 
resemblance constitutes a regularity, Kosmachev examines how the 
spanning tree would change with the introduction of the Bratsk- 
Ilimsk complex and what this suggests about changes in the dis- 
tribution of production activity in the Mid-Angara area. 
There are at least two major problems in using Kosmachev's 
approach. First, how do we know that the resemblance between a 
spanning tree and the spatial pattern of production is stable 
over time? At a theoretical level for example, it is not easy 
to see why there need to be any such resemblance. Secondly, in 
a centrally planned economy, the creation of productive activity 
at a center and the consequent effects on the levels of activity 
in other centers in the area should be a conscious, goal-oriented 
choice. However, Kosmachev's approach generates no measure of 
?Comment on K.P. Kosmachev, Development Patterns of Linear-Node 
Structures of Territorial-Production Complexes i n  Developing 
Areas, in this volume. 
*The Wroclaw Dendrite Method is used. 
**Kosmachev is vague as to how this resemblance is measured. 
Presumably, however, an urban center which is connected either 
to many other centers or to a few populous ones in the spanning 
tree would be larger in size. 
the social desirability of such a relocation process. It is 
difficult, therefore, to use his model in public decisionmaking 
related to regional development. 
What kind of an approach might represent an improvement on 
Kosmachev's approach? An explicit optimization model of multi- 
centered regional development, with an appropriate emphasis on 
regional transportation and communications sytems, would be de- 
sirable. Unfortunately, such a model is not yet available. 
There have been several optimizing design models produced in 
recent years which attempt to attack this very issue. For the 
most part, these are pure spatial economic models which include 
the multicentered central place programming model of Puryear 
(1975), and the single-centered model of Ripper and Varaiya 
(1974). A related review of optimal regional de~e~lopment and 
land-use models is forthcoming in Miron (1976). 
The latter report identifies several weaknesses in current 
regional land-use design models. These include (a) a general 
reliance on static or myopic dynamic optimization instead of 
the long-run dynamic optimization needed for usually sequential 
regional development design problems; (b) a failure to explicitly 
consider the joint optimization of regional land-use patterns and 
the design of the regional transportation system; (c) a concen- 
tration on only one or two of several possible regional develop- 
ment design objectives; (d) an ignorance of the behavioral re- 
sponse of aspects of regional development not under the direct 
control of regional planners; and (e) no explicit consideration 
of the policy tools required to effect an optimal regional devel- 
opment plan. Because of these weaknesses, one must be cautious 
in the use of current programming models to answer the questions 
raised by Kosmachev's approach. Nonetheless, important strides 
in policy analysis and model development can be made by the ap- 
plication and extension of programming models in this research 
area. 
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The Use of Graph Theory in Regional Developmentt 
H.P. Young 
This paper examines certain questions of regional develop- 
ment using graph theory. The towns of a region are represented 
as the nodes of a graph, and the edges represent lines of com- 
munication, presumably roads, for the most part, each edge being 
weighted by the distance between the nodes that it links. The 
author portrays the spatial pattern of settlement in a region by 
focusing on a minimal weight spanning tree in this graph, that 
is, a set of edges in the graph that meets every node (town), 
is connected, contains no circuits, and has the smallest total 
weight of all graphs satisfying all the above. 
There are several fundamental questions; first, how to find 
a minimal weight spanning tree in a given graph (there may be 
more than one), and second, how to interpret the meaning of this 
graph in the context of regional development. 
The first question is dealt with by applying an algorithm 
which Kosmachev calls the Wroclaw Dendrite method. The algo- 
rithm appears to be "successively select edges of least weight 
from the graph, subject to the condition that no circuits are 
formed; stop when a connected spanning set of edges is obtained". 
This method always leads to a minimal weight spanning tree 
in a connected graph G. This result was proved by Kruskal ( 1 9 5 6 ) ,  
and the algorithm described above is known in the mathenlatical 
programming literature as Kruskal's algorithm. It would be inter- 
esting to learn the origins of the Wroclaw Dendrite method in the 
USSR. 
From a methodological standpoint the Kruskal algorithm is 
an interesting optimization procedure. There are several vari- 
ants of the algorithm which are in fact computationally quicker. 
One alternate approach has been suggested by Prim (1957). Prim's 
method is inductive and may be described briefly as follows: 
- Pick any node v of the graph and let e be an edge 
incident with v having least weight; 
tComment on K.P. Kosmachev, Development Patterns of Linear-Node 
Structures of Territorial-Production Complexes in Developing 
Areas, in this volume. 
- "Shrink" the edge e to a single node. If this re- 
sults in a pair of edges between two nodes, throw 
away an edge of the pair having the greatest weight; 
- Continue until one node is left. Then the shrunk 
edges constitute the required spanning tree in the 
original graph. 
Prim's algorithm is computationally more efficient than 
Kruskal' s (i .e. , the Wroclaw Dendrite) , particularly for large 
graphs. The difficulty with Kruskal's algorithm computationally 
is in checking at each stage whether circuits are formed (some- 
thing which for small examples can be easily done visually). 
It should be noted that an even more efficient algorithm has 
been developed by Berge and Ghouila-Houri (1965). 
The second basic question, which does not appear to be re- 
solved in Kosmachev's paper, is how the minimal weight spanning 
tree (or in the author's terminology the linear node structure) 
is to be used once it is obtained. Historically, changes in the 
linear-node structure for a region suggest possible future pat- 
terns of development. In fact, the author's Figure 2 illustrates 
this historical sequence and in Figure 3 some "predictions" are 
shown. But the rules are not given for obtaining the predicted 
changes from past data. The author states that "we believe that 
the probable location of (communication) axes in one or another 
area can be tentatively judged from an analysis of graph models". 
It would be enlightening to know what rules or principles are to 
be employed for making such judgments. 
A further question arises relating to the validation of the 
model, Kosmachev stating that the "graph models ... agreed with 
reality", and "such a network is typical of the initial stages 
of economic development". Does the author mean that the minimal 
weight spanning tree predicts where roads will and will not be 
built? Some clarification of this point is needed. 
In summary, Kosmachev has introduced an interesting method- 
ological tool in graph theory for describing trends in regional 
development. What remains is to show how this descriptive tool 
can be systematically used for predictions by planners. 
REFERENCES 
Berge, C., and A. Ghouila-Houri (1965), Programming Games and 
Transportation Networks, Wiley, New York. 
Kruskal, J.B. (1956), On the Shortest Spanning Subtree of a 
Graph and the Travelling Salesman Problem, Proc. Amer. 
Math. Soc., 1, 48-50. 
Prim, R.C. (1957), Shortest Connection Networks and Some Gener- 
alizations, Bell System Tech. Journ., 36, 1389-1401. 
M S  
Of Territorial-Production Complexes in Siberia 
B.B. Prokhorov 
TASKS OF MEDICAL GEOGRAPHERS 
Regional planning plays an important role in the economic 
development of new territories. In project planning much atten- 
tion is focused on population growth, population adaptation, and 
the medical-geographic situation. For this reason medical geog- 
raphers participate in drafting regional plans, and information 
on this type of cooperation for various regions of Siberia is 
given in [ 1 , 2 , 3 , 4 1 .  
Regional plans take into consideration three basic factors 
about the territory concerned: natural conditions, economic and 
living conditions, and the population. 
Population appears here in a dual role. On the one hand, 
all work is done for the good of man, his health being one of 
the criteria of the quality of regional planning. On the other 
hand, population is an object of study. In this process, the 
first two factors are considered dynamic, since regional plan- 
ning alters economic and living conditions that inevitably in- 
volve changes in natural environment. 
For a sparsely populated territory it is difficult to fore- 
see the possible effects of local conditions on the health of 
new inhabitants. A study of migration processes and the experi- 
ence of population settlement in priority areas yields informa- 
tion about the type of people who settle there. The calculations 
of Soviet demographers and socialogists show that 70-85 percent 
of the migrants are of able-bodied age, the largest number being 
in the 20-24 age group. Over one-half (about 60 percent for the 
USSR as a whole) of the male migrants are under 30 years. 
The planned region or each of its internally homogeneous 
sectors may be treated as a sanitary-ecologic system (SES). We 
will define this system as a territorial complex with a certain 
health standard and a specific district pathology influenced by 
the ecological situation. 
Modern methods of medical geography are not always adequate 
for such a complex formation as SES. Therefore, efforts are 
often concentrated first on the study of the subsystems which 
can be viewed as sufficiently complex systems. These subsystems 
include the following: SES climate, SES soils, SES biota, SES 
natural waters, SES economy, SES social and living infrastructure, 
and SES sanitary and hygienic situation. The subsystems can be 
gradually integrated into more complex systems. 
When sufficient data have been accumulated, the initial 
system (the megasystem) can be described. Currently, work is 
under way to build models mostly graphical and matrix of such 
systems [ 5 ] .  
Such models are useful for planning improvements in the ex- 
ternal environment and also for estimating costs of sanitation 
measures, which are important for determining the prospects of 
development and settlement of any territory. 
Improving the external environment means eliminating or 
neutralizing its adverse effect on the health of the population. 
Work is conducted in two directions: improvements are made to 
the natural environment (geosystems), and to the existing eco- 
nomic and social environment. In optimizing geosystems, special 
attention is devoted to protecting the ~opulation from pollution 
and, in a number of cases, to improving components of the geo- 
graphic environment such as natural waters, soils, plants, and 
the surface layer of the atmosphere. In addition, plans are 
made for exterminating pathogenic organisms in the geosystems 
(e.g., parasitic worms, pathogenic protozoa, fungi, bacteria, 
and viruses). 
Of primary importance to the building of communal and in- 
dustrial projects is the need to eliminate pollution and to up- 
grade the environment. This is taken into account in the plans 
to strengthen existing territorial-production complexes and to 
establish new ones. 
We will now examine the basic stages in territorial develop- 
ment and discuss the major factors involved in transforming spe- 
cific sets of conditions that exercise a major influence on man's 
health. 
The first stage is obtaining information on resources and 
other essential factors. Relatively small groups of geological 
explorers, transport and land surveyors, and builders spend time 
in the "wilds" of nature. They are exposed to the dangers of 
endemic infections and suffer from midges and ticks, heavy frosts, 
winds, rains, etc. 
The second stage involves the development of certain areas 
of the territory, the creation of transportation communications 
and the initial work on constructing the infrastructure. This 
period is marked by a noticeable human intervention in the spon- 
taneous development of geosystems. When territory develops into 
separate areas, the population continues to be subject to the 
pressure of the natural environment, and the size of the popula- 
tion is still restricted. At this time, there is a need for 
preventive treatment of endemic diseases. 
During the third stage there is comprehensive and intensive 
development (industrial, agricultural, etc.) of a territory with- 
in the given territorial-production complex. This period is per- 
haps the most difficult and crucial, and may be characterized by 
a rapid population growth primarily through the influx of build- 
ers. 
In the fourth stage there is highly intensive development-- 
e.g., full-scale operation of industrial projects, completion of 
the building of urban agglomerations, establishment of highly mech- 
anized agricultural enterprises. Territorial-production complexes 
acquire the final shape as envisaged by the regional planners. 
In each of the development stages there are specific mea- 
sures taken that are aimed at improving the territory. The pos- 
itive effects of sanitation measures should override the negative 
effects of ecological factors. However, this cannot be achieved 
without medical-geographic forecasts. 
A medical-geographic forecast (MGF) is made according to 
the following pattern. First, a tentative forecast (sometimes 
called a trend forecast) is made which makes it possible to 
foresee the development process even when it is uncontrollable 
and cannot be channeled in the desired direction. (This may be 
called the spontaneous development.) This helps to reveal un- 
comfortable or extreme situations that may arise in the process 
of territorial development or reconstruction. This type of 
forecast serves as a basis for making programs and organizational 
forecasts that are regarded by some authors as a single normative 
forecast. These interrelated forecasts, which define measures 
such as prophylactic and town planning measures, and those aimed 
at improving the external environment and protecting the bio- 
sphere, are designed to neutralize or weaken unfavorable sani- 
tary-ecological phenomena. 
Medical-geographic forecasts are made only for territories 
that are homogeneous in sanitary-ecological terms. For this 
reason the framing of a geographic forecast is always connected 
with scientific classification of territories, i.e., regional- 
ization. 
POPULATION ADAPTATION 
In planning the economic development of sparsely populated 
areas, it is important to study how new inhabitants adapt. Pop- 
ulation adaptation is a socio-biological process in the course 
of which the majority of those settling some territory adapt 
themselves to unusual conditions, thus enabling them to live 
normal healthy lives. Adaptation is achieved through physio- 
logical changes in the organism of the newcomer and through 
collective efforts toward creating an artificial external en- 
vironment (clothing, housing, heating, production premises, 
transportation, etc.), as well as through the development and 
accumulation of new behavioral habits. However, sufficiently 
effective adaptation to extreme environmental influences can be 
developed only over the course of several generations. 
Inclement natural conditions strain all physiological mech- 
anisms. Soviet geneticist V.P. Efroimson writes that in areas 
with extreme conditions man experiences a "superstress" which 
only the fittest of the newcomers can tolerate and only for short 
periods [ 6 ] .  For several years healthy, physically fit people 
can withstand this stress, but then the protective mechanisms 
often fail. This is manifested in the general decline of health 
standards. 
Reference is often made to the excellent adaptation of the 
native population to the severe natural conditions of the North. 
Indeed, the local people adapt very well to the local natural 
environment. But this adaptation has been going on over many 
generations. 
Medical geographic charts provide valuable data to the town 
planners and adaptation experts. Several factors are taken into 
account in compiling these charts: a landscape characteristic 
of the territory which itself integrates many indicators, the 
type of economic activity of the indigenous population and old- 
time residents, and also the character of the present and future 
industrial development of the region. In view of the important 
and in some cases the decisive role of climate in determining 
living and health conditions, compilers of charts use more than 
ten parameters characterizing the climatic situation of each of 
the territorial-ecological systems. Within the territorial sys- 
tems, the compilers note the preconditions for human diseases 
and, as far as possible, the nosological profile of the local 
population. Following the medical-geographic analysis of all 
factors of the anthropo-ecological environment an evaluation is 
made of the conditions for adaptating new inhabitants. These 
conditions are arranged according to a five-point scale. 
The following types of territory can be distinguished in 
Siberia. 
E x t r e m e l y  uncomfor tabZe  a r c t i c  and suba13ct ic  p l a i n s  and low 
p l a t e a u s .  Industrial surveys and selective development of par- 
ticularly valuable and unique natural resources are characteris- 
tic of this type of territory. Density of population is less 
than one person per km2. The adaptation of young healthy people 
proceeds satisfactorily, but may be accompanied by complications. 
The adaptation of other groups of migrants is unsatisfactory. 
U n c o m f o r t a b l e  t a i g a  a r e a s  i n  t h e  n o r t h  o f  W e s t e r n  S i b e r i a  
and t h e  t a i g a  p l a i n s  and low pZa teaus  i n  t h e  n o r t h e r n  and c e n t r a l  
p a r t s  o f  E a s t e r n  S i b e r i a .  Selected areas develop, and there is 
in part extensive industrial development and the formation of 
large production complexes. These territories have a density 
varying from less than one person per km2 to more than ten people 
- 
per kmz. The adaptation of young healthy people proceeds satis- 
factorily, but other groups of new inhabitants adapt poorly. 
Scmiconi for tabZe t a i g a  p l a i n s  and low p l a t e a u s  i n  t h e  c e n t r a l  
and s o u t h e r n  p a r t s  o f  S i b e r i a .  Industrial development, which 
eventually will be intensive, is characteristic of these terri- 
tories as is the formation of large production complexes. Pop- 
ulation density in some areas reaches 25 people per km2. The 
adaptation of young healthy people proceeds well, and other 
groups of migrants adapt satisfactorily although for the latter 
there may be complications. 
Altogether, there are 1 1  types of territories in the Asian 
part of the USSR that differ by adaptation conditions. 
THE ACTIVITY OF POPULATION IN A CONCRETE GEOGRAPHIC SITUATION 
The analysis of human activity in concrete situations and 
the description of the social and communal infrastructure are 
important for determining the medical-geographic features of 
the territory and the conditions to which the new inhabitants 
must adapt. 
By comparing the working and recreational conditions of 
different groups and correlating these data with health indica- 
tors (e.g., birth and death rate, sick rate, physical develop- 
ment) it is possible to determine medical-geographic character- 
istics of development areas, and to forecast changes in the 
health standard of the population in the course of regional de- 
velopment. 
WORKING, LEISURE AND HEALTH CONDITIONS OF THE POPULATION IN 
THE BITPC 
Much of what has been discussed so far in this paper can be 
illustrated by the example of the study of the medical-geographic 
features of the BITPC by the Institute of Geography of Siberia 
and the Far East. The BITPC includes the Bratsk, the Nizhneilimsk, 
and the Ust-Ilimsk districts of the Irkutsk Region. 
To draw a medical-geographic picture of the territory, we 
will compare the basic parameters of the sanitary-ecological sit- 
uation in the BITPC with those of the central zone of our country 
as one of the areas of the origin of migrants. 
The Mid-Angara area has long and cold winters with tempera- 
tures averaging below zero Centigrade for 190-195 days. In Bratsk, 
the heating period lasts for 246 days, where the mean temperature 
is 10.3 degrees below zero Centigrade. The total degree-days of 
heating in the Mid-Angara area is twice as high in Bratsk as in 
Moscow. In Bratsk, cold spells with temperatures running 30 de- 
grees below zero can last for 520 hours; in Irkutsk, which is to 
the south, they last 192 hours, and in, Chelyabinsk, only 40 hours. 
Thus, a migrant coming to work in the BITPC from the central zone 
of the country must adapt himself to more severe climatic condi- 
tions where winter lasts 1.5 months longer and is much colder. 
Fog is a characteristic climatic feature of the Mid-Angara 
area, in particular, the valley of the Angara and its tributaries. 
In summer, fog is caused by small differences in air temperature 
coming to the valley at dawn from the watershed expanses and the 
warm air of the valley with a high moisture content. As a re- 
sult of the Bratsk and the Ust-Ilimsk hydropower stations and the 
large water reservoirs, the part of the Angara River which is 
several kilometers below the dams will not be frozen in winter. 
The vast temperature difference between the open water surface 
and the cold foggy air create conditions for intensive precipita- 
tion of industrial waste discharges. The project for developing 
the Ust-Ilimsk industrial agglomeration took these climatic fea- 
tures into account. 
The inclement climatic conditions in the Mid-Angara area 
affect the health of new inhabitants and cause pathological 
changes in the health conditions, especially of old people and 
those with chronic disorders. For several years the staff of 
the medical-geographic sector of the Institute of Geography of 
Siberia and the Far East in Bratsk surveyed new inhabitants of 
the region. Of the approximately 3000 people queried, about 
10 percent had lived in the area for about one year, 35 percent 
for two or three years, 30 percent for four to five years, and 
25 percent for five to ten years. The survey showed that during 
the first few months of their stay in the area, 87 percent com- 
plained of weakness, headaches, reduced ability to work, and 
quick onsets of fatigue. About 50 percent experienced dizziness, 
buzzing in the ears, nausea and vomiting. The most severe re- 
action was experienced by those coming in spring, autumn, and 
winter. Pathological reactions were more often recorded among 
women under 25 and over 40 years. People coming from Trans- 
caucasia, the Baltic Republics, and the Ukraine proved to be 
more sensitive. Less clearly expressed reactions were observed 
among people from the north of the European and Asian parts of 
the USSR, the Trans-Baikal country, and Western Siberia. People 
who changed their place of residence for the first time reacted 
more sharply to the change in the geographic environment than 
those who have repeatedly changed their place of residence. 
These data [7,8] agree with the conclusions drawn by re- 
searchers who studied these problems in other areas of the coun- 
try. During the first years spent in the new climatic conditions 
there is a high incidence of diseases of meteotropic aetiology. 
People living in hostels and working in the open air are more 
subject to colds; this occurs mainly in winter and spring. 
The soil types predominating in the Mid-Angara area are 
podzolic and soddy-podzolic characterized by a deficit of some 
biologically active trace elements such as iodine, fluorine, 
cobalt, and copper. The shortage of iodine in the soil and, 
consequently, in food causes an endemic goitre disease. The 
findings of the survey conducted in 1932 by V.G. Shipachyov 
showed that in villages along the Ilim River the goitre disease 
was diagnosed among 21 percent of the surveyed people. E.A. Pak's 
investigation [91 showed that the intensity of this endemic dis- 
ease was sharply reduced owing to the use of iodized salt and 
non-local food products, and treatment. Among the new inhabi- 
tants the endemic goitre is less intensive than among the local 
population. It is manifested mainly during the first three 
years in the endemic area. Iodine prophylactic treatment is 
carried out to prevent the disease. 
The waters of the Angara and its tributaries belong to the 
hydrocarbonate class, the calcium group, that have a low mineral 
content and a deficit of fluorine of which only 0.2-0.3 mg are 
contained in one liter of water. L.M. Yanovsky's investigations 
in 1975 showed that from 80 to 90 percent of school children 
aged 7-17 years suffer from dental caries. This agrees with the 
findings of other investigators concerning the connection be- 
tween dental caries and the deficit of fluorine in drinking wa- 
ter [lo]. 
At the early stages there is a health danger for builders 
as a result of endemic infections. This is why the study of 
these diseases in new development areas is given so much atten- 
tion. A study of this type in the Irkutsk Region is to be found 
in the work of S.V. Ryashchenko [Ill. According to the author, 
in the natural complexes of the BITPC there is a circulation of 
carrier agents of tularemia, tick-borne encephalitis, Q-fever, 
ornithosis, toxoplasmosis, and rabies. The filling of water 
reservoirs makes for the growth of hydrophytes in shallow zones 
and for the formation of breeding grounds for mosquitoes. Also, 
the colonization of the area by muskrats, aquatic and field ro- 
dents contributes to the formation of centers of tularemia and 
leptospirosis [ 121 . The health of people is undermined and 
their working capacity is reduced by massive attacks of blood- 
sucking double-winged insects (gnats, mosquitoes, biting midges, 
gadflies) . 
As a result of information on medical-geographic features 
of new territorial-production complexes and industrial agglom- 
erations, it is possible to formulate scientifically based re- 
commendations for improving working and leisure conditions. 
Long periods of inclement weather make it necessary to increase 
living space in flats, since people spend more time indoors here 
than in the central part of the USSR. The presence of such in- 
sects requires both individual and collective protection against 
attack. 
The disease-provoking action of the deficit of iodine and 
fluorine is neutralized by enriching foodstuffs with products 
having a higher iodine content and also by adding fluorine to 
drinking water at water supply stations. 
In the course of medical-geographic investigations much 
attention is given to selecting suitable sites for settlements, 
evaluating water supply sources, and to using domestic wastes. 
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I n t e g r a t i v e  Elements  o f  Reg iona l  Development? 
W.A. Welsh 
P r o v i s i o n  f o r  t h e  w e l l - b e i n g  o f  t h e  p o p u l a t i o n  must be  a  
c r i t i c a l  component o f  any r e g i o n a l  development  a c t i v i t y .  
P r o k h o r o v ' s  p a p e r  e f f e c t i v e l y  d e m o n s t r a t e s  t h i s  p o i n t ,  and shows 
t h e  i n t e r c o n n e c t i o n  among s e v e r a l  e l e m e n t s  o f  s o c i a l  and economic 
change.  
Medica l -geograph ic  problems t h u s  c a n n o t  b e  s t u d i e d  a p a r t  
from o t h e r  d imens ions  o f  r e g i o n a l  development .  C o n v e r s e l y ,  ap- 
p r o a c h e s  t o  r e g i o n a l  development  t h a t  a r e  n o t  i n t e g r a t i v e  and 
s y n t h e t i c - - w h i c h  d o  n o t  g o  beyond p a r a l l e l  and d i s c r e t e  i n v e s t i -  
g a t i o n s  o f  t h e  s e v e r a l  d imens ions  o f  change--make l i t t l e  s e n s e .  
Reg iona l  development  s h o u l d  be  integrated development .  
An u n d e r s t a n d i n g  o f  t h e  problems o f  r e g i o n a l  development  
must  t h e r e f o r e  be  based  on an i n t e g r a t i v e  p e r s p e c t i v e .  Ply p r i n -  
c i p a l  c o n c e r n  w i t h  P r o k h o r o v ' s  p a p e r  is t h a t  t h e  problems of  
i n t e g r a t i n g  h e a l t h  p l a n n i n g  w i t h  o t h e r  a s p e c t s  o f  t h e  p l a n n i n g  
p r o c e s s  a r e  t r e a t e d  o n l y  i m p l i c i t l y .  Reg iona l  development  p lan-  
n i n g  i n v o l v e s  more t h a n  s t r a i g h t f o r w a r d  o p t i m i z a t i o n  a l o n g  a  
s e r i e s  o f  p a r a l l e l  d imens ions .  Medica l -geograph ic  p rob lem-so lv ing ,  
f o r  example ,  i n v o l v e s  more t h a n  f o r e c a s t i n g  t h e  impact  o f  a  set 
o f  geosys tem e l e m e n t s  on t h e  m o r b i d i t y  o f  a  p o p u l a t i o n  w i t h  r e l a -  
t i v e l y  p r e d i c t a b l e  demographic  pa ramete r s - -a l though  t h e s e  problems 
a r e  s i g n i f i c a n t ,  a s  Prokhorov h a s  shown. 
Reg iona l  p l a n n i n g  i n v o l v e s  a  s e r i e s  o f  c o m p l i c a t e d  and over -  
l a p p i n g  p o l i c y  c h o i c e s .  P o s s i b l e  i n c o n s i s t e n c i e s  between economic 
( p r o d u c t i o n )  g o a l s  and c r i t e r i a  f o r  a c c e p t a b l e  human l i v i n g  con- 
d i t i o n s  must be  i d e n t i f i e d .  P r i o r i t i e s ,  b o t h  i n  t e r m s  o f  c r i t e r i a  
f o r  p l a n  o p t i m i z a t i o n  and o f  sequence  and t i m i n g ,  must b e  worked 
o u t .  The a v a i l a b i l i t y  o f  r e s o u r c e s ,  f i n a n c i a l  and o t h e r ,  f o r  
c a r r y i n g  o u t  development  p l a n s  must  be  c a r e f u l l y  examined. Con- 
t i n g e n c y  c r i t e r i a  t o  b e  a p p l i e d  i n  t h e  e v e n t  o f  m i d - p r o j e c t  re- 
d u c t i o n s  i n  a v a i l a b l e  r e s o u r c e s  must b e  a g r e e d  upon. And, i n  
g e n e r a l ,  t h e  a d m i n i s t r a t i v e  means must b e  e s t a b l i s h e d  whereby 
e f f e c t i v e  c o o r d i n a t i o n  o f  s e v e r a l  a s p e c t s  o f  development  can  b e  
a c h i e v e d .  These  a r e  t h e  i n t e g r a t i v e  a s p e c t s  o f  r e g i o n a l  deve lop-  
ment ,  which a r e  o f  c e n t r a l  impor tance  t o  e a c h  o f  t h e  d imens ions  
o f  p l a n n e d  change.  
?Comment on B.B .  Prokhorov,  Medical-Geographic Problems in the 
Formation of Territorial-Production Complexes in Siberia, i n  
t h i s  volume. 
F i g u r e  1 s u g g e s t s  a  g e n e r a l  p e r s p e c t i v e  f o r  examining t h e s e  
i n t e g r a t i v e  e l e m e n t s  f o r  r e g i o n a l  development .  I t  might  be  wor th  
r e f l e c t i n g  b r i e f l y  on some of  t h e  i m p l i c a t i o n s  o f  s u c h  a  p e r s p e c -  
t i v e  f o r  h a n d l i n g  t h e  medica l -geograph ic  problems r e f e r r e d  t o  i n  
Prokhorov '  s p a p e r .  P r o v i s i o n  f o r  p o p u l a t i o n  w e l l - b e i n g  i s  depen- 
d e n t  upon b o t h  r e s e a r c h  and c h o i c e - t a k i n g ,  which a r e  beyond t h e  
c o m p e t e n c i e s  and r e s p o n s i b i l i t i e s  o f  e x p e r t s  i n  t h e  mec ica l -geo-  
g r a p h i c  and h e a l t h  p l a n n i n g  f i e l d s .  
The numbers i n  F i g u r e  1 i d e n t i f y  s i x  c r i t i c a l  j u n c t u r e s  i n  
t h e  r e g i o n a l  p l a n n i n g  p r o c e s s  t h a t  a r e  o f  s p e c i a l  s i g n i f i c a n c e  
t o  t h o s e  i n t e r e s t e d  i n  t h e  b a s i c  c h a r a c t e r  o f  human s e t t l e m e n t s  
( t h e  " t e r r i t o r i a l  community", i n  P r o k h o r o v ' s  t e r m i n o l o g y )  i n  a  
r e g i o n a l  p r o j e c t .  Each i n v o l v e s  p o l i c y  c h o i c e s  o f  an i n t e g r a t i v e  
(i. e. , o v e r l a p p i n g  n -d imens iona l )  n a t u r e .  How t h e  r e l e v a n t  
m e d i c a l - g e o g r a p h i c  problems a r e  h a n d l e d  depends on t h e  n a t u r e  o f  
t h e  p o l i c y  c h o i c e s  made--and, i n  some c a s e s ,  on when and how t h e s e  
c h o i c e s  a r e  made. 
MIGRATION PROCESSES 
P r o k h o r o v ' s  p a p e r  s u g g e s t s  t h a t  i t  i s  p o s s i b l e  t o  d e f i n e  t h e  
approx imate  p o p u l a t i o n  c h a r a c t e r i s t i c s  o f  a  m i g r a t o r y  " p o o l "  f rom 
which m i g r a n t s  t o  a r e a s ,  s u c h  a s  t h e  Middle Angara Region,  a r e  
l i k e l y  t o  come. T h i s  p o o l  d i f f e r e n t i a t e s  i t s e l f  from t h e  g e n e r a l  
p o p u l a t i o n  i n  t e r m s  of  age and s e x ,  f o r  example .  W e  i n f e r  f rom 
P r o k h o r o v ' s  p a p e r  t h a t  s u i t a b i l i t y  f o r  a d a p t a t i o n  t o  s e v e r e  c l i -  
m a t i c  c o n d i t i o n s  is  a  p r i n c i p a l  c r i t e r i o n  f o r  r e c r u i t m e n t *  i n t o  
t h i s  p o o l .  A t  t h e  same t i m e ,  t h e r e  a r e  o t h e r  p o s s i b l e  c r i t e r i a  
a c c o r d i n g  t o  which t h e  m i g r a t o r y  p o o l  migh t  b e  c o n s t i t u t e d ,  and 
c e r t a i n  p o l i c y  c h o i c e s  a r e  t h e r e b y  i m p l i e d .  To what e x t e n t  i s  
t h e  c o m p o s i t i o n  o f  m i g r a n t s  t o  any g i v e n  development  r e g i o n  i n -  
duced  o r  c o n s t r a i n e d  by a u t h o r i t i e s ?  A r e  some who might  w i s h  t o  
m i g r a t e  d e n i e d  t h i s  o p p o r t u n i t y ,  f o r  wha tever  r e a s o n ?  A r e  s p e c i a l  
i n c e n t i v e s  o f f e r e d  t o  o t h e r s ?  To what e x t e n t  a r e  f u n c t i o n a l  
s k i l l s  ( s p e c i a l i z e d  t r a i n i n g ,  o c c u p a t i o n a l  e x p e r i e n c e )  c r i t e r i a  
f o r  m i g r a t i o n ?  I f  t h e  demographic  s t r u c t u r e  o f  t h e  m i g r a t o r y  
p o o l  is  l i k e l y  t o  r e s u l t  i n  t empora ry  t o  medium-range s o c i a l  d i s -  
e q u i l i b r i u m  ( e - g . ,  because  o f  t h e  r e l a t i v e l y  s m a l l  number o f  wom- 
e n ,  t h e  a b s e n c e  o f  l a r g e r  f a m i l i e s ,  o r  t h e  a b s e n c e  o f  o l d e r ,  more 
e x p e r i e n c e d  w o r k e r s ) ,  how a r e  t h e  s o c i a l  and economic c o s t s  o f  
such  d i s e q u i l i b r i u m  p r o j e c t e d ,  and what s t e p s  a r e  t o  b e  t a k e n  t o  
a m e l i o r a t e  t h e s e  c o s t s ?  
T h e r e  is p e r h a p s  a  more fundamenta l  q u e s t i o n  c o n c e r n i n g  i n -  
m i g r a t i o n  i n t o  a r e a s  w i t h  s e v e r e  c l i m a t i c  and o t h e r  n a t u r a l  con- 
d i t i o n s .  To what  e x t e n t  i s  mass ive  s e t t l e m e n t ,  b a s e d  on sub-  
s t a n t i a l  m i g r a t i o n  o v e r  many y e a r s ,  r e a l l y  n e c e s s a r y  f o r  t h e  
* R e c r u i t m e n t  i s  used  h e r e  i n  i t s  b r o a d e s t  s e n s e ,  r e f e r r i n g  t o  
t h e  v a r i e t y  o f  f a c t o r s  t h a t  combine t o  make g i v e n  p e r s o n s  more 
o r  less l i k e l y  members o f  t h e  m i g r a t o r y  p o o l .  
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Figure 1. A perspective on integrated regional development and the nature of human settlements and services. 
d e v e l o p m e n t  o f  n a t u r a l  r e s o u r c e s ,  e n e r g y  c a p a c i t i e s ,  o r  p r o d u c t i v e  
p o t e n t i a l  o f  t h e  r e g i o n ?  T h i s  q u e s t i o n  i s  r a i s e d  i n  a  f o r t h c o m i n g  
s t u d y  by Slama [ I ]  . He c o n t r a s t s  t h e  p o l i c y  f o r  t h e  s e t t l e m e n t  o f  
c e n t r a l  and n o r t h e r n  r e g i o n s  o f  S i b e r i a *  w i t h  t h e  Canad ian  Govern- 
m e n t ' s  p o l i c y  toward  s e t t l e m e n t  o f ,  and  r e s o u r c e  deve lopment  i n ,  
t h e  n o r t h e r n  t e r r i t o r y  o f  t h a t  c o u n t r y .  I n  t h e  e n t i r e  n o r t h w e s t -  
e r n  t e r r i t o r y  o f  Canada,  w i t h  an  a r e a  o f  a p p r o x i m a t e l y  3 .5  m i l l i o n  
2  km , t h e r e  a r e  40,000 i n h a b i t a n t s .  The c a p i t a l  o f  t h i s  t e r r i t o r y ,  
Y e l l o w k n i f e ,  h a d  i n  1973 a b o u t  5 ,700  r e s i d e n t s .  By c o n t r a s t ,  
Murmansk h a s  a b o u t  350,000 r e s i d e n t s ;  t h e r e  a r e  f i v e  c i t i e s  i n  
n o r t h e r n  S i b e r i a  t h a t  i n  1974, had  a  combined p o p u l a t i o n  o f  
760,000.  The e x t e n t  t o  which t h i s  i s  composed o f  r e c e n t  m i g r a n t s  
c a n  b e  s e e n  when t h i s  f i g u r e  is  c o n t r a s t e d  w i t h  t h e  1939 p o p u l a t i o n  
o f  t h e  same s e t t l e m e n t s ,  wh ich  t o t a l e d  187,000.  To be  s u r e ,  t h e  
t e r r i t o r y  o f  t h e  USSR i n  q u e s t i o n  i s  l a r g e r  t h a n  t h e  n o r t h w e s t  r e -  
g i o n  o f  Canada,  b u t  nowhere n e a r  t h e  p o p u l a t i o n  s c a l e  d i f f e r e n c e  
o f  n e a r l y  2 0 : l .  Nor c a n  t h e  d i f f e r e n c e  i n  s e t t l e m e n t  o f  t h e  two 
n o r t h e r n  r e g i o n s  b e  a c c o u n t e d  f o r  s i m p l y  by  d i f f e r e n c e s  i n  t h e  two 
n a t i o n a l  p o p u l a t i o n s ,  o r  by  t h e  e x t e n t  o f  o v e r c r o w d i n g  o f  u rban  
a r e a s  i n  more t e m p e r a t e  c l i m a t i c  l o c a t i o n s .  
The p o i n t  s u r e l y  i s  n o t  t o  a d j u d g e  one  a p p r o a c h  o r  t h e  o t h e r  
t o  s e t t l e m e n t  o f  n o r t h e r n  r e g i o n s  a s  a p p r o p r i a t e .  R a t h e r ,  it i s  
t h a t  p o l i c y  c h o i c e s  among b a s i c  deve lopment  s t r a t e g i e s  may i n  t u r n  
imply  d r a m a t i c a l l y  d i f f e r e n t  p a t t e r n s  and m a g n i t u d e s  of  m i g r a t i o n  
i n t o  t h e s e  a r e a s .  And t h i s  i n  t u r n  w i l l  have  g r e a t  i m p a c t  o n  t h e  
h e a l t h  c a r e  p rob lems  t h a t  mus t  b e  a d d r e s s e d .  
THE CHARACTER OF ECONOMIC DEVELOPMENT GOALS 
F o c u s i n g  economic  deve lopment  p l a n s  on a  s p e c i f i c  t e r r i t o r i a l  
u n i t  d o e s  n o t  n e c e s s a r i l y  mean t h a t  r e g i o n a l ,  a s  opposed  t o  s e c -  
t o r i a l ,  c o n s i d e r a t i o n s  a r e  b e i n g  g i v e n  p r i o r i t y .  I n  n e a r l y  e v e r y  
s o c i e t y  i n  which c e n t r a l  economic  and s o c i a l  p l a n n i n g  h a s  become 
w e l l  e s t a b l i s h e d ,  s e c t o r i a l  c r i t e r i a  have  t e n d e d  t o  p r e d o m i n a t e ,  
and  r e g i o n a l  c o n c e r n s  have  been  g i v e n  i n a d e q u a t e  a t t e n t i o n .  The 
r e l a t i v e  n e g l e c t  o f  r e g i o n a l  c o n s i d e r a t i o n s  i s  n o t  d i f f i c u l t  t o  
e x p l a i n  i n  h i s t o r i c a l  c o n t e x t  ( s e e  f o r  example  [ 2 , 3 1 ) ,  b u t  t h i s  
f a c t  d o e s  n o t  d i m i n i s h  t h e  i m p l i c a t i o n s  o f  a  s t r o n g  e m p h a s i s  on 
s e c t o r i a l  t h i n k i n g .  B r o a d l y ,  a  s e c t o r i a l  p e r s p e c t i v e  a s k s  how 
t h e  economic  p o t e n t i a l  o f  a  g i v e n  r e g i o n  c a n  b e s t  b e  used  t o  f u r -  
t h e r  e f f i c i e n t  system-wide ( n a t i o n a l )  economic  a n d  s o c i a l  g o a l s .  
Because  t h e s e  n a t i o n a l  g o a l s  t e n d  t o  b e  o r i e n t e d  t o w a r d  t h e  o p t i -  
m i z a t i o n  o f  income o r  p r o d u c t i o n  f u n c t i o n s ,  * *  s u c h  c r i t e r i a  
* I t  i s  w o r t h  n o t i n g  t h a t  t h e  p r i n c i p l e s  o f  s e t t l e m e n t  p o l i c y  f o r  
n o r t h e r n  S i b e r i a  a r e  by n o  means f u l l y  worked o u t  o r  a g r e e d  upon. 
Slama [ I ]  q u o t e s  G.A. A g r a n a t ,  o f  t h e  I n s t i t u t e  o f  Geography o f  
t h e  Academy o f  S c i e n c e s  o f  t h e  USSR, t o  t h i s  e f f e c t .  
**Thi s  comment i s  n o t  i n t e n d e d  t o  o v e r l o o k  t h e  s h i f t  i n  e m p h a s i s  
i n  t h e  USSR, f o r  example ,  f rom g r o s s  q u a n t i t y  o f  p r o d u c t i o n  t o -  
ward p r o f i t a b i l i t y  o f  e n t e r p r i s e s .  The g e n e r a l  p o i n t  is t h a t  
o p t i m i z a t i o n  c r i t e r i a  i n  n a t i o n a l  economic  p l a n n i n g  a r e  n e a r l y  
a l w a y s  income- o r  p r o d u c t i o n - b a s e d .  F o r  example  s e e  [ 4 ] .  
domina te  s e c t o r i a l  t h i n k i n g .  S e c t o r i a l  approaches  u s u a l l y  have 
n o t  emphasized t h e  maximiza t ion  o f  s o c i a l  w e l f a r e  o r  s o c i a l  s e r -  
v i c e  c r i t e r i a .  A g e n u i n e l y  r e g i o n a l  p e r s p e c t i v e  would be sub- 
s t a n t i a l l y  more l i k e l y  t o  g i v e  p r i o r i t y  t o  t h e  most  e f f e c t i v e  
i n t e g r a t i o n  o f  p r o d u c t i o n  and s e r v i c e  a c t i v i t i e s  w i t h i n  t h e  r e -  
g i o n a l  sys tem.  
S i m i l a r l y ,  s e c t o r i a l  p e r s p e c t i v e  makes less l i k e l y  t h e  
t a i l o r i n g  o f  n a t i o n a l  norms and s t a n d a r d s  i n  a r e a s  such a s  h e a l t h  
c a r e  t o  s p e c i a l  r e g i o n a l  c o n d i t i o n s .  However, h e a l t h  c a r e  p l a n -  
n i n g  i n  t h e  S o v i e t  Union h a s  l o n g  r e c o g n i z e d  t h e  need f o r  r e g i o n a l  
a d j u s t m e n t s  i n  n a t i o n a l  norms and s t a n d a r d s  [ 5 1  and t h i s  p r a c t i c e  
seems t o  have been f o l l o w e d  i n  t h e  c a s e  o f  t h e  development  o f  t h e  
B r a t s k - I l i m s k  Complex. However, r e g i o n a l  a d j u s t m e n t s  i n  n a t i o n a l  
p l a n  c r i t e r i a  may l e a d  t o  t h e  i n s t i t u t i o n a l i z a t i o n  o f  r e g i o n a l  
i n e q u a l i t i e s  i n  t h e  n a t u r e  o f  b a s i c  human s e r v i c e s .  
The e x t e n t  t o  which a  s e c t o r i a l  p e r s p e c t i v e ,  and /o r  an empha- 
s is  on p r o d u c t i o n  f u n c t i o n s ,  m i g h t  p redomina te  i n  any r e g i o n a l  
development  scheme h a s  i m p o r t a n t  i m p l i c a t i o n s  f o r  t h e  p l a n n i n g  o f  
human s e t t l e m e n t s  and t h e  p r o v i s i o n  f o r  p o p u l a t i o n  h e a l t h  and 
w e l l - b e i n g .  A t  b a s e ,  t h e  i s s u e s  concern  t h e  s e t t i n g  o f  p r i o r i t i e s  
among norms i n  d i f f e r e n t  a r e a s  o f  human a c t i v i t y ,  a s  w e l l  a s  t h e  
e x t e n t  t o  which s t r i c t l y  economic g o a l s  can  be  and a r e  a d j u s t e d  
i n  t h e  f a c e  o f  d e t e r i o r a t i n g  c o n d i t i o n s  i n  t h e  human and/or  n a t -  
u r a l  e n v i r o n m e n t s .  P rokhorov  ment ions  t h e  "economic l o s s e s "  t h a t  
c a n  be  t r a c e d  t o  d e t e r i o r a t i o n  o f  t h e  h e a l t h  o f  t h e  p o p u l a t i o n .  
I t  i s  more t h a n  s e m a n t i c  d i s t i n c t i o n - d r a w i n g ,  I b e l i e v e ,  t o  sug- 
g e s t  t h a t  t h e  c r i t e r i a  f o r  measur ing  t h e  impac t  o f  h e a l t h  d e t e r i -  
o r a t i o n  migh t  w e l l  be  noneconomic i n  n a t u r e ,  a s  P rokhorov  seems 
t o  s u g g e s t  when h e  s a y s  t h a t  " a l l  work i s  done f o r  t h e  good o f  
man". I t  i s  i m p o r t a n t  t o  a s k ,  f o r  example ,  whe ther  economic pro-  
d u c t i o n  norms a r e  a d j u s t e d  i n  view o f  o b s e r v e d  d e f i c i e n c i e s  i n  
t h e  p h y s i o l o g i c a l / h e a l t h  a d a p t a t i o n  of t h e  p o p u l a t i o n  t o  s e v e r e  
c l i m a t i c  and o t h e r  geosystem c o n d i t i o n s .  The n a t u r e  and s e v e r i t y  
o f  t h e  c h a l l e n g e s  f a c e d  by h e a l t h  p l a n n e r s  w i l l  v a r y  s u b s t a n t i a l l y  
w i t h  t h e  sys tem o f  p r i o r i t i e s  e s t a b l i s h e d  among t h e  s e v e r a l  c r i t e -  
r i a  o f  economic and s o c i a l  development .  
LIVING CONDITIONS : NORMS, STANDARDS, AND ALTERNATIVES 
The " l i v i n g  c o n d i t i o n s  o f  t h e  p o p u l a t i o n "  t o  which Prokhorov 
r e f e r s  i n c l u d e  a  number o f  e l e m e n t s :  medica l  f a c i l i t i e s  and p e r -  
s o n n e l ,  h e a l t h  p rograms ,  h o u s i n g ,  l e a r n i n g  f a c i l i t i e s ,  l e i s u r e -  
t i m e  f a c i l i t i e s ,  t r a n s p o r t a t i o n  and r o a d s ,  and t h e  t r a d e  i n f r a -  
s t r u c t u r e .  I n  each  o f  t h e s e  a r e a s ,  b o t h  norms and s t a n d a r d s  
e x i s t  i n  t h e  USSR. Popov [ S ]  c o n t r a s t s  norms and s t a n d a r d s  i n  
h e a l t h  c a r e ,  f o r  example: norms a r e  " s c i e n t i f i c a l l y  e s t a b l i s h e d  
i n d i c e s  o f  e n v i r o n m e n t a l  c o n d i t i o n s  and o f  t h e  medica l  c a r e  re- 
q u i r e d  by t h e  community o r  by v a r i o u s  p o p u l a t i o n  g r o u p s ,  a s  w e l l  
a s  o f  h e a l t h  f a c i l i t i e s " .  S t a n d a r d s  r e f e r  t o  t h e  " r e s o u r c e s  re- 
q u i r e d  t o  m e e t  t h e  needs  s p e c i f i e d  by t h e  norms, i . e . ,  i n d i c e s  
r e l a t i n g  t o  t h e  p u b l i c  h e a l t h  f a c i l i t i e s  and t h e  a v a i l a b i l i t y  
o f  m e d i c a l  c a r e " .  
A c r i t i c a l ,  and e r r o n e o u s ,  a s sumpt ion  made by many s t u d e n t s  
o f  p l a n n i n g  i s  t h a t  s t a n d a r d s  a r e  " d e t e r m i n e d "  by norms, i . e . ,  
t h a t  once norms have been d e t e r m i n e d ,  s t a n d a r d s  f o l l o w  a s  t r i v i a l  
d e d u c t i v e  c o n c l u s i o n s .  T h i s  i s  n o t  t h e  c a s e .  The d e t e r m i n a t i o n  
o f  s t a n d a r d s  r e q u i r e s  n o t  o n l y  e m p i r i c a l  r e s e a r c h  d e l i n e a t i n g  t h e  
effectiveness/productivity o f  g i v e n  h e a l t h  s t r u c t u r e s  and person-  
n e l ,  b u t  a l s o  p o l i c y  c h o i c e s  c o n c e r n i n g  t h e  most  e f f i c i e n t  way t o  
use  ( i n e v i t a b l y  l i m i t e d )  r e s o u r c e s .  I n  h e a l t h  c a r e ,  f o r  example ,  
d i f f e r e n t  sys tems  seem t o  have chosen  d i f f e r e n t  c o m b i n a t i o n s  o f  
emphases on ( a )  c a p i t a l  i n v e s t m e n t  i n  h e a l t h  c a r e  f a c i l i t i e s ,  
( b )  t h e  t r a i n i n g  o f  h e a l t h  p r o f e s s i o n a l s ,  and ( c )  p r o p h y l a c t i c  
h e a l t h  programs [ 6 1 .  While such c h o i c e s  h o p e f u l l y  r e f l e c t  sub-  
s t a n t i a l  i n p u t s  from s p e c i a l i s t s  i n  t h e  a r e a ,  q u e s t i o n s  o f  r e -  
s o u r c e  a v a i l a b i l i t y  and e f f i c i e n c y  may be d e t e r m i n i n g  c o n s i d e r -  
a t i o n s .  
SETTLEMENT LOCATION 
R e g i o n a l  p l a n n e r s  a r e  seldom a b l e  t o  s p e c i f y  t h e  l o c a t i o n  o f  
human s e t t l e m e n t s  a c c o r d i n g  t o  c r i t e r i a  t h a t  m i g h t  maximize t h e  
q u a l i t y  o f  t h o s e  s e t t l e m e n t s .  F r e q u e n t l y ,  t h e  p r a c t i c a l  c h o i c e s  
a r e  t o  d e v e l o p  one o r  more e x i s t i n g  s e t t l e m e n t s ,  t h e  l o c a t i o n s  
o f  which r e f l e c t  h i s t o r i c a l  c i r c u m s t a n c e s  r a t h e r  t h a n  contemporary 
c o n d i t i o n s .  S t a n d a r d s  f o r  a m e n i t i e s  t e n d  t o  t a k e  e x i s t i n g  popu- 
1 a t i o n . a g g l o m e r a t i o n s  a s  g i v e n ,  and t o  s p e c i f y  how many f a c i l i -  
t i e s  o f  a  g i v e n  t y p e  s h o u l d  be  l o c a t e d  t h e r e .  T h i s  makes a c c e s s  
t o  a m e n i t i e s  s u b s t a n t i a l l y  a  f u n c t i o n  o f  t h e  e x i s t i n g  s p a t i a l  
d i s t r i b u t i o n  o f  p o p u l a t i o n .  
And even when w h o l l y  new s e t t l e m e n t s  c a n  b e  under taken- -as  
h a s  been t h e  c a s e  i n  t h e  development  o f  n o r t h e r n  S i b e r i a n - - t h e r e  
may be c o n f l i c t s  between c r i t e r i a  f o r  s e t t l e m e n t  l o c a t i o n  t h a t  
would maximize t h e  p r o d u c t i v e  c a p a c i t y  o f  t h e  r e g i o n ,  and c r i t e r i a  
t h a t  would c r e a t e  t h e  mast h o s p i t a b l e  l i v i n g  c o n d i t i o n s  f o r  t h e  
p o p u l a t i o n .  Depending on t h e  n a t u r e  o f  t h e  p r i n c i p a l  economic 
a c t i v i t y  of  t h e  r e g i o n ,  t h e  l o c a t i o n  o f  m a j o r  p r o d u c t i o n  u n i t s  
may b e  l a r g e l y  d e t e r m i n e d  by n a t u r a l  f a c t o r s ,  a s  w i t h  energy-  
p r o d u c i n g  f a c i l i t i e s .  Access  t o  raw m a t e r i a l s  and e n e r g y  s o u r c e s  
i s  n e a r l y  a lways  an  i m p o r t a n t  c o n s i d e r a t i o n  i n  i n d u s t r i a l  l o c a t i o n  
d e c i s i o n s .  
These l o c a t i o n a l  c o n s i d e r a t i o n s  f o r  p r o d u c t i o n  u n i t s  may be 
e x p e c t e d  t o  c o i n c i d e  o n l y  i n f r e q u e n t l y  w i t h  q u a l i t y - o f - l i f e  con- 
s i d e r a t i o n s  f o r  t h e  p o p u l a t i o n .  Maximal e n v i r o n m e n t a l  q u a l i t y  
and p r o d u c t i v e  e f f i c i e n c y  can  be d i f f i c u l t  t o  a c h i e v e  c o n j o i n t l y .  
Raw m a t e r i a l s  and r e c r e a t i o n  f a c i l i t i e s  may b e  found a t  l o c a t i o n s  
d i s t a n t  f rom one a n o t h e r .  Again,  t h e  p o i n t  is  n o t  t h a t  s u c h  po- 
t e n t i a l  c o n f l i c t s  among c r i t e r i a  c a n n o t  b e  r e a s o n a b l y  r e s o l v e d ;  
r a t h e r ,  we wish  o n l y  t o  emphasize  t h a t  p o l i c y  d e c i s i o n s  o f  a  co- 
o r d i n a t i n g  and i n t e g r a t i v e  n a t u r e  must b e  made, and t h e s e  d e c i -  
s i o n s  w i l l  have a  s u b s t a n t i a l  impac t  on t h e  p l a n n i n g  o f  t h e  l o c a -  
t i o n  and t h e  n a t u r e  o f  human s e t t l e m e n t s  and s e r v i c e s ,  i n c l u d i n g  
h e a l t h  c a r e .  
THE NON-LEXICOGRAPHIC NATURE OF DEVELOPMENT PLANNING INTEGRATION 
. - -  --- - - - -- - - -- -- - - -- 
I have a rgued  t h a t  t h e  many p l a n n i n g  d e c i s i o n s  t h a t  must  be  
made a r e  h i g h l y  i n t e r d e p e n d e n t ,  and t h a t  t h e i r  i n t e r d e p e n d e n t  
(and o v e r l a p p i n g )  n a t u r e  p l a c e s  g r e a t  emphasis  on c o o r d i n a t i n g  
and i n t e g r a t i n g  f u n c t i o n s .  What i s  e s p e c i a l l y  d i f f i c u l t  a b o u t  
t h e s e  i n t e g r a t i v e  d e c i s i o n s  i s  t h a t  t h e  c o n t e n d i n g  development  
c r i t e r i a  o f  r e l e v a n c e  t o  each  dimension o f  p lanned  s o c i a l  and 
economic change a r e  very  d i f f i c u l t  t o  o r d e r  l e x i c o g r a p h i c a l l y .  
Tha t  i s ,  no s i n g l e  v a l u a t i o n a l  dimension i s  common t o  m i g r a t i o n  
p o l i c y ,  p r o d u c t i o n  e f f i c i e n c y ,  s e t t l e m e n t  l o c a t i o n ,  q u a l i t y  o f  
human s e r v i c e s ,  c o n t r o l  o f  t h e  n a t u r a l  env i ronment ,  and e f f i c i e n c y  
o f  t h e  p l a n  implementa t ion  f u n c t i o n .  A l t e r n a t i v e  c o n f i g u r a t i o n s  
of  r e s o u r c e  u s e  a r e  d i f f i c u l t  t o  a n a l y z e  s y s t e m a t i c a l l y  i n  t h e  
a b s e n c e  o f  a  common o v e r a l l  c r i t e r i o n .  The r e s u l t  i s  well-known: 
a  s i n g l e  dimension o f  deve lopment - - f requen t ly  p r o d u c t i o n - o r i e n t e d - -  
i s  s e l e c t e d  f o r  o p t i m i z a t i o n .  The l i k e l y  impac t  o f  such  a  p e r -  
s p e c t i v e  on t h e  q u a l i t y  and comprehensiveness  o f  human s e r v i c e s  
has  been  s k e t c h e d .  
The p o s s i b l e  r o l e  o f ,  f o r  example,  h e a l t h  c a r e  norms and 
s t a n d a r d s  i n  what Prokhorov c a l l s  a  megasystem model can b e  o u t -  
l i n e d  more s p e c i f i c a l l y .  We can imagine h e a l t h  c a r e  i n d i c e s  ap- 
p e a r i n g  a s  ( a )  endogenous v a r i a b l e s  i n  t h e  m o d r l ,  t h e  v a l u e s  o f  
which depend on t h e  form of  r e l a t i o n s h i p s  among v a r i a b l e s  i n  t h e  
model,  and on t h e  s p e c i f i c  c r i t e r i o n  v a r i a b l e ( s )  b e i n g  o p t i m i z e d ;  
( b )  exogenous p a r a m e t e r s  which impose c o n s t r a i n t s  on t h e  v a l u e s  
of v a r i a b l e s  i n  t h e  model; and ( c )  on endogenous c r i t e r i o n  v a r i -  
a b l e s  t o  b e  maximi zed.  
I t  i s  r e a s o n a b l e  t o  s u g g e s t  t h a t  p o s s i b i l i t y  ( c )  r e p r e s e n t s  
t h e  most  s i g n i f i c a n t  r o l e  t h a t  c o u l d  be  accorded  h e a l t h  c a r e  norms 
and s t a n d a r d s ,  whereas  p o s s i b i l i t y  ( a )  p robab ly  r e p r e s e n t s  t h e  
l e a s t  i m p o r t a n t  r o l e .  Which o f  t h e s e  r o l e s  i s  r e s e r v e d  f o r  h e a l t h  
c a r e  i n d i c e s  i n  a  r e g i o n a l  development  model w i l l  be  de te rmined  by 
a  series of i n t e g r a t i v e  d e c i s i o n s  which,  assuming f i n i t e  r e s o u r c e  
a v a i l a b i l i t y ,  a r e  n o t  n o n c o n t r o v e r s i a l .  
THE FINANCING OF REGIONAL DEVELOPMENT 
-- 
A  c o n c e n t r a t e d  development  program, r e g i o n a l  o r  o t h e r ,  re- 
q u i r e s  s i g n i f i c a n t  r e s o u r c e  commitment, e s p e c i a l l y  f i n a n c e s .  
There  i s  a  tendency i n  t h e  l i t e r a t u r e  on r e g i o n a l  development  t o  
d i s c u s s  development  d e s i d e r a t a  i n  t h e  a b s t r a c t ,  a s  i f  t h e  a v a i l -  
a b i l i t y  o f  r e s o u r c e s  were n o t  p r o b l e m a t i c .  T h i s  c l e a r l y  i s  an 
u n r e a l i s t i c  p o s t u r e ;  t h e r e  i s  no s o c i e t y  i n  which a l l  a t t r a c t i v e  
p o s s i b i l i t i e s  f o r  r e s o u r c e  u s e  can  be  s i m u l t a n e o u s l y  s e r v e d .  Re- 
s o u r c e s  a r e  l i m i t e d .  The commitment o f  f u n d s  and manpower t o  one 
s e t  of  a c t i v i t i e s  i m p l i e s  t r a d e o f f s ;  some t h i n g s  a r e  n o t  done be- 
c a u s e  o t h e r s  a r e .  
Some of  t h e  i m p l i c a t i o n s  of  r e s o u r c e  s c a r c i t y  a r e  s t r a i g h t -  
fo rward :  s c a r c i t y  i m p l i e s  c h o i c e ,  n o t  o n l y  between p r o j e c t s ,  b u t  
a l s o  w i t h i n  p r o j e c t s  and between segments  of  t h e  a c t i v i t y .  I t  
may n o t  be  p o s s i b l e  s i m u l t a n e o u s l y  t o  d e v e l o p  e x t r a c t i v e  raw 
m a t e r i a l  c a p a c i t y  and t o  p r o v i d e  o p t i m a l  h e a l t h  programs and 
f a c i l i t i e s ,  f o r  example. Such d e c i s i o n s  a r e  i n t e g r a t i v e / c o o r -  
d i n a t i n g  ones ,  t o  be made a t  what Prokhorov c a l l s  t h e  megasystem 
l e v e l .  These have  obvious  i m p l i c a t i o n s  f o r  development  a c t i v i t y  
w i t h i n  e a c h  dimension of r e g i o n a l  p l a n n i n g .  Some t h i n g s  w i l l  be  
pos tponed;  o t h e r s  w i l l  b e  c a n c e l e d ,  o r  n e v e r  s e r i o u s l - y  c o n s i d e r e d .  
There  a r e  o t h e r  a s p e c t s  o f  t h e s e  i s s u e s  o f  f i n a n c i n g  d e v e l -  
opment which may be  less o b v i o u s ,  b u t  which a r e  e q u a l l y  a s  i m -  
p o r t a n t .  They have t o  d o  w i t h  t h e  r e l a t i o n s  between c e n t r a l  and 
l o c a l - r e g i o n a l  government u n i t s ,  and w i t h  t h e  r e s u l t i n g  long-run 
v i t a l i t y  o f  t h e  l a t t e r .  For  o u r  p u r p o s e s ,  two p o i n t s  s h o u l d  be 
s t r e s s e d :  ( a )  c o n c e n t r a t e d  r e g i o n a l  economic development  pro-  
grams t e n d  t o  be  c e n t r a l l y - i n i t i a t e d  and i n i t i a l l y  f i n a n c e d  from 
t h e  c e n t e r ,  and a r e  o n l y  g r a d u a l l y  s u s t a i n e d  by i n c r e a s i n g  r e -  
s o u r c e  i n p u t s  from t h e  a f f e c t e d  r e g i o n  i t s e l f ;  and ( b )  human 
s e r v i c e s ,  such  a s  h e a l t h  c a r e ,  t e n d  t o  b e  t h e  r e s o n s i b i l i t y  o f  
s u b n a t i o n a l  u n i t s  o f  government i n  most s o c i e t i e s ,  and must be 
s u s t a i n e d  from t h e  o u t s e t  by t h o s e  u n i t s .  The r e s u l t s  f r e q u e n t l y  
a r e  t h a t  s o c i a l  s e r v i c e s  l a g  b e h i n d  t h e  growth o f  economic produc- 
t i o n ,  and r e g i o n a l  i n e q u a l i t i e s  i n  t h e  a v a i l a b i l i t y  o f  p u b l i c  
goods and s e r v i c e s  a r e  m a i n t a i n e d  and even a c c e n t u a t e d .  
I n  t h e  USSR, a l l  o f  t h e  measures  d i r e c t l y  s e r v i n g  t h e  needs  
o f  b road  s e c t i o n s  o f  t h e  p o p u l a t i o n  a r e  c a r r i e d  o u t  by l o c a l  bud- 
g e t s .  A d m i n i s t r a t i v e  u n i t s  a t  t h e  r e p u b l i c  l e v e l  and below have 
s o l e  r e s p o n s i b i l i t y  f o r  e d u c a t i o n ,  f o r  hous ing  and m u n i c i p a l  s e r -  
v i c e s ,  f o r  c u l t u r a l  s e r v i c e s ,  and f o r  a l l  h e a l t h  and s o c i a l  main- 
t e n a n c e  f u n d s  [7]. S u b n a t i o n a l  u n i t s  o f  government a c c o u n t  f o r  
wel.1 o v e r  one  h a l f  o f  t o t a l  p u b l i c  e x p e n d i t u r e s ,  and a  h i g h e r  
p r o p o r t i o n  of  e x p e n d i t u r e s  on b a s i c  human s e r v i c e s .  
For o u r  p u r p o s e s ,  what i s  c r i t i c a l  i s  t h a t  human s e r v i c e s  
t h a t  a r e  l o c a l l y  and r e g i o n a l l y  f i n a n c e d  i n  t h e  USSR c o n t i n u e  t o  
show s u b s t a n t i a l l y  more marked i n t e r r e g i o n a l  v a r i a t i o n  t h a n  d o  
measures  o f  o v e r a l l  economic growth [ 8 1 .  System-wide t r e n d s  t o -  
ward e q u a l i z a t i o n  i n  g r o s s  economic development  a r e  r e f l e c t e d  
o n l y  v e r y  m a r g i n a l l y  i n  s o c i a l  s e r v i c e s .  T h i s  is  t h e  c a s e  d e s p i t e  
t h e  f a c t  t h a t  norms f o r  economic p r o d u c t i o n  a r e  t a i l o r e d  more 
s p e c i f i c a l l y  t o  i n t e r r e g i o n a l  d i f f e r e n c e s  t h a n  a r e ,  f o r  example,  
norms i n  e d u c a t i o n  o r  h e a l t h  c a r e .  I n  t h e  s i m p l e s t  t e r m s ,  re- 
g i o n a l  development  programs c a r r y  w i t h  them t h e  p o t e n t i a l  t o  p e r -  
p e t u a t e  o r  even i n c r e a s e  i n t e r r e g i o n a l  d i s p a r i t i e s  i n  t h e  a v a i l -  
a b i l i t y  and q u a l i t y  o f  b a s i c  human s e r v i c e s .  The p r i n c i p a l  i m -  
p l i c a t i o n  i s  t h a t  r e g i o n a l  development p r o j e c t s  s h o u l d  b e  imbedded 
w i t h i n  o v e r a l l  n a t i o n a l  development p l a n s  which a r e  s e n s i t i v e  t o  
t h e  need t o  r e d u c e  i n t e r r e g i o n a l  i n e q u a l i t i e s ,  and g i v e  commen- 
s u r a t e  a t t e n t i o n  t o  t h o s e  e l e m e n t s  of  human l i v i n g  c o n d i t i o n s  
t h a t  a r e ,  i n  t h e  l o n g  r u n ,  c r i t i c a l  t o  s o c i e t a l  development .  
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Summary Report on the Technical Session 
On Demographic and Medical Problems 
The demographic and medical processes in the Bratsk-Ilimsk 
Keyion are of great interest from a theoretical point of view. 
The population of this previously uninhabited region has in- 
creased almost ten times over the last twenty years. Actually, 
we can regard the demographic and medical processes taking 
place here as a pure experiment because elsewhere they usually 
extend for many years. Thus we have a model situation which 
could be reproduced only by means of simulation models. 
From the applied systems point of view, the experience 
gained in developing the BITPC is of interest not only to the 
Soviet Union and other developed countries, but also to those 
developing countries that are faced with problems of creating 
industrial complexes. 
From the methodological point of view, the discussion of 
methods of planning and predicting the development of demo- 
graphic and medical processes yielded valuable information that 
is applicable to other projects of this type. 
The presentations and discussions of demographic and medi- 
cal problems encountered in the development of the BITPC have 
shown that these problems are closely connected to such factors 
as economy, geography, ecology, climate, and administration. 
The use of systems analysis and complex dynamic simulation 
models are effective in determining the best strategies for the 
development of a region. A major criterion is careful planning 
that takes into account social as well as medical factors since 
the provision of adequate health care is essential to the well- 
being of the population. 

MODELING REGIONAL DEVELOPMENT 

Modeling o f  T e r r i t o r i a l - P r o d u c t i o n  Sys tems :  
Case S tudy  of t h e  Angara-Yenisei  Region 
A.G.  Granberg and M . K .  Bandman 
Research  on b u i l d i n g  models o f  economic development  o f  u n i t s  
o f  d i f f e r e n t  s i z e s  i s  b e i n g  conduc ted  a t  t h e  USSR I n s t i t u t e  o f  
Economics and I n d u s t r i a l  Management, i n  N o v o s i b i r s k  w i t h i n  t h e  
framework o f  c o n s t r u c t i n g  a  g e n e r a l  s y s t e m  o f  models o f  o p t i m a l  
n a t i o n a l  economic p l a n n i n g .  The s y s t e m  r e f l e c t s  t h e  i n t e r a c t i o n  
o f  two h i e r a r c h i c a l  s t r u c t u r e s  o f  t h e  economy--productive and 
s p a t i a l - - a n d  i n c l u d e s  f i v e  b l o c k s  ( subsys tems)  c o r r e s p o n d i n g  t o  
t h e  t h r e e  l e v e l s  o f  t h e  n a t i o n a l  economy ( F i g u r e  1 ) .  
A  P o i n t  n a t i o n a l  economy models ;  
B  S p a t i a l  t e r r i t o r i a l - n a t i o n a l  economy models ;  
C  Models o f  s e c t o r s  and m u l t i s e c t o r a l  complexes;  
D Regiona l  models ;  
E  Models o f  s e l f - a c c o u n t i n g  p r o d u c t i o n  u n i t s .  
Figure 1 .  System of models. 
The d e s c r i p t i o n  o f  t h e  s y s t e m  i s  g i v e n  i n  [1 ,21.  T h i s  p a p e r  
examines  t h e  t e r r i t o r i a l  a s p e c t s  o f  t h e  g e n e r a l  s y s t e m  of  models.  
J o i n t  e l a b o r a t i o n  o f  t h e  models a l l o w s  one t o  l i n k  t h e  deve lop-  
ment p l a n s  o f  i n d i v i d u a l  t e r r i t o r i a l  u n i t s  w i t h  t h o s e  o f  t h e  na- 
t i o n a l  economy. The f e a s i b i l i t y  o f  t h i s  method o f  o r g a n i z i n g  
t e r r i t o r i a l  p l a n n i n g  p r o c e s s e s  i s  b e i n g  s t u d i e d  w i t h  s p e c i a l  r e f -  
e r e n c e  t o  t h e  Angara-Yenisei  Region and i t s  main t e r r i t o r i a l - p r o -  
d u c t i o n  complexes ,  i n c l u d i n g  t h e  BITPC. 
TERRITORIAL MODELS OF 'THE NATIONAL ECONOMY 
-- 
Development programs f o r  a  l a r g e  r e g i o n  such  a s  t h e  Angara- 
Y e n i s e i  a r e  worked o u t  on t h e  b a s i s  o f  long-- term n a t i o n a l  p l a n s  
and f o r e c a s t s  t h a t  i n d i c a t e  i m p o r t a n t  r e g i o n a l  problems and pos- 
s i b l e  s o l u t i o n s .  T h e r e f o r e ,  t e r r i t o r i a l - n a t i o n a l  economy models 
a r e  t h e  s t a r t i n g  p o i n t  f o r  s i m u l a t i n g  t e r r i t o r i a l - p r o d u c t i ~ n  
s y s t e m s .  
A model t h a t  i n c o r p o r a t e s  t h e  c o n d i t i o n s  o f  development  f o r  
a l l  i n d u s t r i e s  and r e g i o n s  o f  t h e  c o u n t r y  i s  t h e  main t y p e  o f  
t e r r i t o r i a l - n a t i o n a l  economy model .  The e a r l i e s t  v e r s i o n s  o f  s u c h  
models were deve loped  by t h e  American s c i e n t i s t s  L e o n t i e f  [ 3 1 ,  
I s a r d  [Q], and Moses [ S ] .  These models r e p r e s e n t e d  a  g e n e r a l i z a -  
t i o n  o f  t h e  i n p u t - o u t p u t  model, and were reduced  t o  a  sys tem o f  
a l g e b r a i c  e q u a t i o n s  w i t h  a  un ique  s o l u t i o n .  ( T h i s  was a c h i e v e d  
by d e t e r m i n i n g  t h e  most i m p o r t a n t  p a r a m e t e r  o f  t h e  t e r r i t o r i a l  
p r o p o r t i o n s  which i s  e i t h e r  t h e  s t r u c t u r e  o f  t e r r i t o r i a l  d i s t r i -  
b u t i o n  o f  p r o d u c t i o n  o r  t h e  s t r u c t u r e  o f  i n t e r r e g i o n a l  l i n k s . )  
The c r e a t i o n  o f  o p t i m i z a t i o n  i n t e r s e c t o r i a l  i n t e r r e g i o n a l  
models ( O I I M I  i n  t h e  l a t e  1950s and e a r l y  1960s was t h e  n e x t  i m -  
p o r t a n t  s t a g e  i n  t h e  model ing o f  t e r r i t o r i a l  s y s t e m s .  I n  t h e  
USA, t h i s  was done by S t e v e n s ,  Moses, and I s a r d ,  and i n  t h e  
S o v i e t  Union by Aganbegyan, and Kossov. 
S t u d i e s  o f  t h e  O I I M  have been conduc ted  s i n c e  1962 a t  t h e  
USSR I n s t i t u t e  o f  Economics and I n d u s t r i a l  Management. S e v e r a l  
model v e r s i o n s  have been d e s i g n e d .  Our approach may be  c h a r a c -  
t e r i z e d  a s  f o l l o w s :  an OIIM i s  c o n s t r u c t e d  a s  an u p p e r - l e v e l  
u n i t  o f  t h e  g e n e r a l  sys tem o f  mode l s - - i t  i s  connec ted  t h r o u g h  
i t3 i n p u t s  and o u t p u t s  w i t h  p o i n t  models ,  and w i t h  s e c t o r i a l  and 
r e g i o n a l  models o f  t h e  n a t i o n a l  economy; and an i n t e r r e g i o n a l  
model may f u n c t i o n  a s  a  s e l f - c o n t a i n e d  s p e c i a l i z e d  n a t i o n a l  eco-  
nomic model. 
The model t h a t  h a s  been used  f o r  o p t i m i z a t i o n  c a l c u l a t i o n s  
o f  t h e  main t e r r i t o r i a l  p r o p o r t i o n s  o f  t h e  S o v i e t  economy now 
i n c l u d e s  t h e  f o l l o w i n g :  r e g i o n a l  b a l a n c e s  o f  c a p i t a l  i n v e s t m e n t s  
f o r  t h e  e n t i r e  p l a n n e d  p e r i o d ;  r e g i o n a l  b a l a n c e s  o f  p r o d u c t i o n  
and d i s t r i b u t i o n  o f  o u t p u t  f o r  t h e  p r e v i o u s  y e a r ;  r e g i o n a l  b a l -  
a n c e s  o f  t r a n s p o r t  o p e r a t i o n s ;  r e g i o n a l  manpower b a l a n c e s ;  r e -  
s t r i c t i o n s  f o r  c e r t a i n  v a r i a b l e s  ( e . g . ,  p r o d u c t i o n  u n i t s ,  i n t e r -  
r e g i o n a l  d e l i v e r i e s ) ,  which a r e  i n t r o d u c e d  t o  d e t e r m i n e  l i m i t e d  
n a t u r a l  r e s o u r c e s ,  a v a i l a b l e  p r o d u c t i v e  c a p a c i t i e s ,  a d v i s a b i l i t y  
o f  l o w e r i n g  o u t p u t s ,  e t c . ;  and an o p t i m a l i t y  c r i t e r i o n .  Thus it  
is  p o s s i b l e  t o  i d e n t i f y  an a l t e r n a t i v e  t o  d e v e l o p i n g  and l o c a t i n g  
p r o d u c t i o n  f a c i l i t i e s  ( e . g . ,  o u t p u t s  o f  p r o d u c t i o n  s e c t o r s ,  c a p i -  
t a l  i n v e s t m e n t s ,  t r a n s p o r t a t i o n  c o s t s )  t h a t  e n s u r e s  maximal f u n d s  
o f  t h e  n a t i o n ' s  non-produc t ive  consumption f o r  t h e  g i v e n  s e c t o r i a l  
and t e r r i t o r i a l  p a t t e r n .  The d e s c r i p t i o n  o f  t h e  model i s  g i v e n  
i n  Appendix 1. 
The O I I M  m o d i f i c a t i o n s  a r e  d i s t i n g u i s h e d  by two main f e a t u r e s :  
p r o d u c t i o n  and t r a n s p o r t a t i o n  f a c t o r s  a r e  combined i n  t h e  model; 
and r e g i o n a l  development dynamics a r e  t a k e n  i n t o  account  i n  t h e  
model.  With r e s p e c t  t o  t h e  fo rmer ,  models may be c l a s s i f i e d  a s  
f o l l o w s :  i n t e r r e g i o n a l  d e l i v e r i e s  a r e  i n c o r p o r a t e d  i n  r e g i o n a l  
b a l a n c e s ;  o n l y  t h e  n e t  i n t e r r e g i o n a l  exchange b a l a n c e  is  i n c o r -  
p o r a t e d  i n  r e g i o n a l  b a l a n c e s ;  and t r a n s p o r t a b l e  p r o d u c t  b a l a n c e s  
a r e  g i v e n  f o r  t h e  c o u n t r y  a s  a  whole ,  w i t h  r e g i o n s  b e i n g  s p e c i -  
f i e d  a s  p r o d u c t i o n  u n i t s .  
Although models of  t h e  f i r s t  t y p e  a r e  r e g a r d e d  a s  b a s i c ,  
t h e y  d o  n o t  a l l o w  one t o  s u b s t a n t i a l l y  c l a s s i f y  i n d u s t r i e s  and 
r e g i o n s .  O t h e r  v a r i e n t s  can be used when t h e  problem i s  d i v i d e d  
i n t o  s e p a r a t e  p r o d u c t i o n  and t r a n s p o r t a t i o n  subproblems t h a t  can 
be s o l v e d  by i t e r a t i o n  o f  p a r t i a l  s o l u t i o n s .  According t o  r e g i o n -  
a l  development  dynamics ,  t h e  deve loped  and t e s t e d  models may be 
d i f f e r e n t i a t e d  i n  t h e  f o l l o w i n g  manner. 
The main i n d i c e s  ( p r o d u c t i o n ,  consumption,  i n t e r r e g i o n a l  
l i n k s )  a r e  c a l c u l a t e d  f o r  t h e  f i n a l  y e a r  o f  t h e  planned 
p e r i o d ,  w i t h  r e s t r a i n t s  on c a p i t a l  i n v e s t m e n t s  f o r  t h e  
whole p lanned  p e r i o d  and assumpt ions  r e g a r d i n g  t h e  u s e  
of  t h e  fund o f  c a p i t a l  i n v e s t m e n t s  i n  t h e  f i n a l  p lanned  
y e a r .  
The main i n d i c e s  a r e  a l s o  c a l c u l a t e d  f o r  t h e  f i n a l  y e a r  
under  g i v e n  laws of  growth o f  c a p i t a l  i n v e s t m e n t s ,  w h i l e  
t h e  growth p a r a m e t e r s  and a b s o l u t e  f i g u r e s  f o r  c a p i t a l  
i n v e s t m e n t s  by r e g i o n s  a r e  de te rmined  i n  t h e  p r o c e s s  o f  
o p t i m i z a t i o n .  
For  a  long-term p e r i o d ,  t h e  main i n d i c e s  o f  t h e  f i n a l  
y e a r s  o f  t h e  f i v e - y e a r  p l a n  p e r i o d s  a r e  c a l c u l a t e d  under  
t h e  g i v e n  laws  o f  growth o f  c a p i t a l  i n v e s t m e n t s  by re- 
g i o n s  w i t h i n  t h e s e  f i v e - y e a r  p e r i o d s .  
I n  t h e  f i r s t  two a p p r o a c h e s ,  a t t e n t i o n  i s  focused  on t h e  
p r o p o r t i o n s  o f  t h e  f i n a l  y e a r  o f  a  planned p e r i o d  (10  t o  15 
y e a r s ) .  A f t e r  o b t a i n i n g  t h e  s o l u t i o n  f o r  t h e  f i n a l  y e a r ,  t h e  
dynamics o f  r e g i o n a l  development can  be " r e c o n s t r u c t e d "  by s o l v -  
i n g  a s e r i e s  o f  s t a t i c  problems f o r  e a c h  y e a r .  The model o f  t h e  
t h i r d  t y p e  combines f e a t u r e s  o f  f u l l y  dynamic models ( i n  a  l a r g e  
t i m e  s c a l e )  w i t h  t h o s e  o f  s i m p l i f i e d  dynamic models under  t h e  
g i v e n  laws o f  growth o f  c a p i t a l  i n v e s t m e n t s  ( i n  a  more d e t a i l e d  
t i m e  s c a l e ) .  I t  i s  a l s o  p o s s i b l e  t o  r e c o n s t r u c t  t h e  a n n u a l  dy- 
namics o f  t h e  main i n d i c e s .  
An i m p o r t a n t  c r i t e r i o n  incor ,pora ted  i n  t h e  main v e r s i o n s  o f  
t h e  i n t e r r e g i o n a l  i n t e r s e c t o r i a l  model i s  a s  f o l l o w s :  maximize 
t h e  n a t i o n ' s  consumption l e v e l  w i t h  t h e  c a l c u l a t e d  r a t i o s  o f  re- 
g i o n a l  consumption l e v e l s  and t h e  r u l e s  f o r  d e t e r m i n i n g  i n t r a -  
r e g i o n a l  consumption p a t t e r n s .  
The o p t i m a l i t y  c r i t e r i o n  used  i s  a  s i n g l e  p a r a m e t e r  one.  
The m o d i f i c a t i o n s  o f  t h e  model a r e  r e l a t e d  f i r s t  t o  t h e  d e f i n i -  
t i o n  o f  " r e g i o n a l  consumption l e v e l "  and,  s e c o n d l y ,  t o  t h e  u s e  
of  d i f f e r e n t  laws f o r  d e t e r m i n i n g  i n t r a r e g i o n a l  consumption p a t -  
t e r n .  For  models where p o p u l a t i o n  and manpower i n  t h e  p l a n n e d  
p e r i o d  a r e  d e t e r m i n e d  f o r  t h e  r e g i o n s  ( w i t h  due a c c o u n t  o f  popu- 
l a t i o n  growth f o r e c a s t  and e x p e c t e d  m i g r a t i o n ) ,  t h e  r e g i o n a l  con- 
sumption l e v e l  c h a r a c t e r i z e s  a g g r e g a t e  consumption o f  t h e  e n t i r e  
p o p u l a t i o n  o f  a  r e g i o n .  F o r  more c o m p l i c a t e d  models w i t h  v a r y i n g  
p o p u l a t i o n  numbers,  t h i s  same n o t i o n  c h a r a c t e r i z e s  p e r  c a p i t a  
consumption.  The consumption l e v e l s  o f  s e r v i c e s  and goods,  o r  
o f  g r o u p s  of  goods ,  a r e  d e t e r m i n e d  a s  f u n c t i o n s  o f  t h e  r e g i o n a l  
consumption l e v e l .  
I n  i n t e r r e g i o n a l  models t h e  c o r r e l a t i o n  o f  t h e  consumption 
l e v e l s  o f  d i f f e r e n t  r e g i o n s  becomes a  t o o l  o f  t h e  economic p o l i c y  
d i r e c t e d  a t  l e v e l i n g  o u t  r e g i o n a l  l i v i n g  s t a n d a r d s .  Given t h e  
r u l e s  f o r  fo rming  i n t r a r e g i o n a l  consumption p a t t e r n s ,  o p t i m i z a t i o n  
by means o f  t h e  above c r i t e r i o n  g i v e s  a  v a r i a n t  o f  t h e  development  
and t e r r i t o r i a l  d i s t r i b u t i o n  of  p r o d u c t i v e  f o r c e s  w i t h  t h e  fo l low-  
i n g  p r o p e r t y :  it i s  i m p o s s i b l e  t o  i n c r e a s e  t h e  consumption l e v e l  
i n  any  one r e g i o n  w i t h o u t  d e c r e a s i n g  it i n  a t  l e a s t  one o t h e r  r e -  
g i o n .  
U n t i l  r e c e n t l y ,  t h e  OIIM c a l c u l a t i o n s  have  been conduc ted  
f o r  p e r i o d s  o f  10 t o  15 y e a r s  i n  16 s e c t o r s  of m a t e r i a l  p r o d u c t i o n  
and 10 t o  11 economic zones  o f  t h e  S o v i e t  Union ( i n c l u d i n g  West 
S i b e r i a ,  E a s t  S i b e r i a ,  and t h e  F a r  E a s t ) .  The r e s u l t s  o f  t h e  
f i r s t  s t a g e  o f  t h e  c a l c u l a t i o n s  a r e  g i v e n  i n  [ 6 ] .  C a l c u l a t i o n s  
f o r  t h e  p e r i o d  1976 t o  1990 a r e  b e i n g  made. I n t e r i n d u s t r y  b a l -  
a n c e s  ( i n o u t - o u t p u t  t a b l e s )  b u i l t  f o r  a l l  t h e  Union R e p u b l i c s  and 
economic r e g i o n s  o f  t h e  Russ ian  F e d e r a t i o n  s e r v e  a s  b a s i c  d a t a .  
Some o f  t h e  r e s u l t s  o f  o p t i m i z a t i o n  c a l c u l a t i o n s  f o r  E a s t  
S i b e r i a  a r e  g i v e n  below. 
D i f f e r e n t  c a l c u l a t i o n  v a r i a n t s  show t h a t  t h e  a v e r a g e  a n n u a l  
r a t e s  o f  i n c r e m e n t  of  t h e  g r o s s  i n d u s t r i a l  p r o d u c t i o n  o f  E a s t  
S i b e r i a  s t e a d i l y  s u r p a s s  t h e  mean n a t i o n a l  r a t e s  by 1.2 t o  1 . 3  
t i m e s .  (Accord ing  t o  t h e  1971 t o  1975 P l a n ,  t h e  g r o s s  i n d u s t r i a l  
o u t p u t  of  E a s t  S i b e r i a  s h o u l d  i n c r e a s e  by 68 p e r c e n t ,  whereas  t h e  
n a t i o n a l  f i g u r e  w i l l  show a n  i n c r e a s e  o f  o n l y  47 p e r c e n t . )  Dif-  
f e r e n c e s  i n  t h e  growth r a t e s  o f  v a r i o u s  i n d u s t r i e s  a r e  c h a r a c t e r -  
i s t i c  o f  t h e  o p t i m a l  v a r i a n t s .  Given more un i fo rm i n d u s t r i a l  
growth r a t e s ,  it would be i m p o s s i b l e  (owing t o  l a b o r  s c a r c i t y )  t o  
a d e q u a t e l y  d e v e l o p  t h e  i n d u s t r i e s  o f  n a t i o n a l  s p e c i a l i z a t i o n .  
Compared w i t h  o t h e r  r e g i o n s ,  E a s t  S i b e r i a  h a s  t h e  h i g h e s t  man- 
power s c a r c i t y .  
The d i s t i n c t i v e  f e a t u r e s  o f  t h e  development  o f  E a s t  S i b e r i a  
a r e  f u l l y  a p p l i c a b l e  t o  t h e  Angara-Yenisei  Region,  where a  good 
p a r t  o f  n a t u r a l  r e s o u r c e s  and development  c e n t e r s  o f  n a t i o n a l  
s p e c i a l i z a t i o n  i n d u s t r i e s  a r e  c o n c e n t r a t e d .  
The sectorial structure and external ties of the Region are 
flexible in relation to the growth rates and proportions of the 
Soviet national economy. This may be explained by the fact that 
the Region already meets a large part of the national need for 
nonferrous metals, and, in the near future, will become the 
country's most important power producer. Also, the Region has 
a severe manpower shortage. AS a result, fluctuations of esti- 
mates of the national need for fuel, power, nonferrous metals, 
and timber products require considerable changes in the output 
of the corresponding industries in the Angara-Yenisei Region 
while, because of manpower shortage, the output of other sectors 
can change, as a rule, only in the opposite direction. On the 
other hand, impediments to the development of specialized indus- 
tries in the Region will reduce the national development rates. 
An analysis of calculations based on OIIMs shows that the 
development of the Angara-Yenisei Region and that of the country 
as a whole are closely related. From this viewpoint, the Region 
is important, and it is therefore difficult to consider it in 
isolation from the system of national economy. When studying 
the development prospects of the Region, we must not limit our- 
selves to the use of the main OIIM version. In the existing OIIM, 
a region is treated as a point (a production and consumption 
center), production sectors are integrated, and many regional 
resources and the intraregional distribution of the productive 
forces are ignored. 
An approach to modeling the Angara-Yenisei Region in the sys- 
tem of national economy is to construct an OIIM with a more de- 
tailed block for the Region. Such an expanded model involves no 
special changes to the Region's block structure. Apart from the 
conditions that are part of the main OIIM version and which relate 
to a region considered as a separate unit, the modified model 
includes the rules of aggregating external links of the Region-- 
i.e., amounts of exports and imports. 
TERRITORIAL MODELS OF AN ECONOMIC REGION 
The use of mathematical models for developing the produc- 
tive forces of a region and its parts is done in two interrelated 
stages. In the first stage, the production pattern is examined, 
and in the second, the spatial pattern of the economy of a large 
economic region and its parts is analyzed (Figure 2). 
The task of the first stage is to determine the best alterna- 
tive production pattern, distribution, and use of multipurpose 
resources of a region. This involves developing the productive 
and social infrastructure, and ensuring that the region fulfils 
its quota of deliveries of specialized products, meets living 
standards requirements, and observes the introduced restraints. 
Data for the first stage may be found in the solutions to national 
problems, using intersectorial, interregional, and sectorial mod- 
els, i-e., data on the distribution of the productive forces by 
Figure 2. Scheme of optimization of economic pattern of the Angara-Yenesei Region. 
region. The production pattern of the economy of a region is 
studied in two substages. First, the region's economy is ana- 
lyzed as a whole, followed by an analysis of individual intrare- 
gional intersectorial problems, which may vary for different 
regions. The problems of the first stage are solved through 
the use of intersectorial models, and involve developing a se- 
ries of models that give due consideration to the characteristics 
of each intraregional problem. 
The task of the second stage is to determine the spatial 
characteristics of regional territorial-production complexes 
(TPC). This involves defining their place in the inter- and 
intraregional labor division, identifying the best alternative 
strategies for using the resources and the most efficient spatial 
organization of all elements of the economy. Models of TPC for- 
mation optimization may be used for these purposes. 
This approach is based on the principle of step-wise, element- 
by-element analysis of the components of a region's economy, 
s t a r t i n g  w i t h  problems of  f o r m a t i n g  l a r g e - s c a l e  TPCs i n  a n  eco-  
nomic r e g i o n ,  and g r a d u a l l y  t u r n i n g  t o  problems o f  d e v e l o p i n g  
and l o c a t i n g  i n d i v i d u a l  e l e m e n t s  o f  t h e  economy and t e r r i t o r i a l  
s u b d i v i s i o n s  o f  each  of t h e  TPCs ( F i g u r e  3 ) .  P r o d u c t i o n ,  i n f r a -  
s t r u c t u r e ,  r e s o u r c e s ,  and forms of  t h e  t e r r i t o r i a l  o r g a n i z a t i o n  
of p r o d u c t i o n  a r e  ana lyzed  a t  a l l  s u b s t a g e s  ( F i g u r e  4 ) .  However, 
t h e  a n a l y s i s  a t  e a c h  s t a g e  d i f f e r s  i n  scope .  
Figure 3. Sequence and content of optimization stages of the spatial economic pattern of a region. 
V a r i a n t s  of  
l o c a t i o n  of 
p r o d u c t i o n  
s e c t o r s  
C o n d i t i o n s  
f o r  d e v e l -  
o p i n g  l o -  
c a l  r e -  
s o u r c e s  
Leve l  of 
deve lop-  
ment and 
s p a t i a l  
d i s t r i b u -  
t i o n  of  
p r o d u c t i o n  
i n  b a s i c  
y e a r  
GENERAL APPROACH - TASKS AND METHODS 
Three  main t y p e s  of o b j e c t s  a r e  s e t  o u t  a t  each  s u b s t a g e  
f o r  t h e  s p a t i a l  p a t t e r n  o p t i m i z a t i o n  of a  r e g i o n  and i t s  compo- 
n e n t s :  t e r r i t o r i a l  taxonomic u n i t s  ( a r e a s ,  s i t e s ,  p l o t s ) ,  func-  
t i o n a l  e l e m e n t s  of a n  economy ( p r o d u c t i o n ,  i n f r a s t r u c t u r e ,  
F i r s t  
s t a g e  
Second 
s t a g e  
T h i r d  
s t a g e  
F o u r t h  
s t a g e  
F i f t h  
s t a g e  
L o c a t i o n  of  r e g i o n a l  s p e c i a l i z a t i o n  
u n i t s  and e l e m e n t s  of i n t e r r e g i o n a l  
and r e g i o n a l  i n f r a s t r u c t u r e .  
De te rmina t ion  of l a y o u t  o f  TPC and of 
i s o l a t e d  l a r g e  i n d u s t r i a l  c e n t e r s  and 
t h e i r  s p e c i a l i z a t i o n .  
S p e c i f i c a t i o n  of p a t t e r n ,  a n a l y s i s  of 
t i m e  v a r i a n t s  of f o r m a t i o n .  Determi- 
n a t i o n  of  main p a r a m e t e r s  of  e a c h  TPC. 
L o c a t i o n  o f  a l l  e l e m e n t s  of  t h e  econ-  
omy and p o p u l a t i o n  w i t h i n  each  TPC. 
D e t e r m i n a t i o n  o f  t h e  l a y o u t  of i n t r a -  
complex i n d u s t r i a l  c e n t e r s  and zones  
of  i n t e n s i v e  development  of a g r i c u l -  
t u r e  and t h e i r  s p e c i a l i z a t i o n .  
L o c a t i o n  of  a l l  e l e m e n t s  of  t h e  econ- 
omy and p o p u l a t i o n  by s u b u n i t s  of 
i n t r a c o m p l e x  PC. 
Dete rmin ing  t h e  f u n c t i o n a l  zon ing  l a y -  
o u t  o f  t h e  t e r r i t o r y  of i n t r a c o m p l e x  
PC and t h e  p o p u l a t i o n  s e t t l i n g .  
D e t e r m i n a t i o n  of t h e  v a r i a n t  of  forma- 
t i o n  of  TPCs a s  a  whole.  
D e t e r m i n a t i o n  of t h e  v a r i a n t  of  forma- 
t i o n  of  i n d i v i d u a l  e l e m e n t s  of  t h e  TPC 
economy. 
D e t e r m i n a t i o n  of t h e  v a r i a n t  o f  TPC 
c r e a t i o n  p l a n .  
Figure 4. Main elements of a territorial production complex. 
PRODUCTION 
r e s o u r c e s ) ,  and p r o d u c t i o n - t r a n s p o r t a t i o n  l i n k s .  T h i s  c l a s s i f i -  
c a t i o n  was n e c e s s a r y  i n  o r d e r  t o  t a k e  i n t o  a c c o u n t  t h e  s p e c i f i c  
f e a t u r e s  of each  o b j e c t  and i t s  p l a c e  i n  t h e  f o r m a t i o n  of  t h e  
r e g i o n ' s  economy. J o i n t  c o n s i d e r a t i o n  of a l l  e l e m e n t s  o f  t h e  
economy i s  one a s p e c t  of  t h e  proposed approach  t o  o p t i m i z i n g  
t h e  economic s p a t i a l  p a t t e r n  of  a  r e g i o n ,  a  TPC, o r  a n  i n d u s t r i -  
a l  c e n t e r .  
A p o s s i b l e  set of  t e r r i t o r i a l  taxonomic u n i t s  and t h e i r  
c h a r a c t e r i s t i c s ,  a  s e t  of r e s o u r c e s ,  and t h e  v a r i a n t s  of  t h e i r  
u s e  a r e  de te rmined  p r i o r  t o  s o l v i n g  t h e  problem. I n  t h e  p r o c e s s  
o f  s p a t i a l  p a t t e r n  o p t i m i z a t i o n ,  a r e a s  ( s i t e s ,  p l o t s )  a r e  select- 
e d  f o r  t h e  economic e l e m e n t s ,  t h e  ways of  u s i n g  r e s o u r c e s  a r e  
d e t e r m i n e d ,  and e x p e n d i t u r e s  a r e  s p e c i f i e d .  
Goods 
I n d u s t r i a l  and A g r i c u l t u r a l  
U n i t s  
The compos i t ion  and u n i t s  of  s p e c i a l i z e d  i n d u s t r i e s ,  t h e  
p r o d u c t i o n  s c o p e s ,  and t h e  d i r e c t i o n s  o f  t h e  main p r o d u c t i o n  
l i n k s  are de te rmined  by s o l v i n g  h i g h e r  l e v e l  p rob lems .  The pro-  
cess of  s p a t i a l  p a t t e r n  o p t i m i z a t i o n  a l s c  s e r v e s  t o  d e f i n e  t h e  
g e n e r a l  l a y o u t  of t h e  u n i t s ,  and t h e  p r o v i s i o n  o f  l o c a l  r e s o u r c e s  
and i n f r a s t r u c t u r a l  s e r v i c e s ,  a s  w e l l  a s  t o  s p e c i f y  p r o d u c t i o n  
l i n k s  and  c e r t a i n  t e c h n i c a l  and economic i n d i c e s .  
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t i o n  S e c t o r s  
Produc- 
t i o n  
Complementary 
P r o d u c t i o n ,  
A u x i l i a r y ,  
S e r v i c i n g  
1 
POPULATION 
Labor Resources  
Men Women 
r t 
LOCAL NATURAL RESOURCES 
M i n e r a l  
Raw 
Mater i -  
a l s  
S o c i a l  I n s t i t u -  
t i o n a l  
F u e l  and 
Power 
Water Land Vege- 
t a b l e  
A g r o c l i -  
m a t i c  
Condi- 
t i o n s  
O t h e r s  
The compos i t ion  and t h e  development scope o f  a u x i l i a r y  and 
s e r v i c i n g  p roduc t i on  s e c t o r s  a r e  n o t  a s s i g n e d  from a  h ighe r  l e v e l .  
These i n d i c e s  and t h e  o v e r a l l  p l a n  f o r  l o c a t i o n  and p r oduc t i on  
l i n k s  a r e  determined by f i n d i n g  o u t  t h e  amount o f  cor responding  
goods and s e r v i c e s  needed by a l l  e lements  o f  t h e  economy and by 
t h e  p o p u l a t i o n  of  t h e  t e r r i t o r y  be ing  s t u d i e d ,  t a k i n g  i n t o  accoun t  
l o c a l  r e s o u r c e s ,  t h e  s p e c i f i c  f e a t u r e s  of raw m a t e r i a l s ,  and semi- 
f i n i s h e d  o r  f i n i s h e d  p roduc t s .  Expendi tu res  a r e  a l s o  s p e c i f i e d .  
I t  i s  imposs ib l e  t o  s o l v e  t h e  problems of t h e  format ion  of  
t h e  p r o d u c t i v e  i n f r a s t r u c t u r e  ( e - g . ,  t r a n s p o r t ,  power and f u e l  
p roduc t i on ,  wate r  s u p p l y ) ,  and t h e  s o c i a l  i n f r a s t r u c t u r e  ( e . g . ,  
c u l t u r a l  and e d u c a t i o n a l  i n s t i t u t i o n s ,  consumer s e r v i c e s )  w i thou t  
a n a l y z i n g  t h e  economy of t h e  t e r r i t o r y  a s  a  whole. For t h o s e  
i n d i v i d u a l  u n i t s  o f  t h e  i n f r a s t r u c t u r e  whose importance ex t ends  
beyond t h e  t e r r i t o r y  be ing  s t u d i e d ,  a  s p e c i a l  ass ignment  i s  i n -  
t roduced  t o  meet t h e  needs  of t h e  t e r r i t o r i a l  u n i t s  of a h ighe r  
l e v e l .  The r equ i r emen t s  f o r  t h e  p r o v i s i o n  of s e r v i c e s  and f o r  
t h e i r  growth a s  w e l l  a s  t h e  l o c a t i o n  of s e r v i c e  u n i t s  and t h e i r  
l i n k s  a r e  de te rmined ,  and t h e  e x p e n d i t u r e s  a r e  s p e c i f i e d  f o r  a l l  
t h e  e l emen t s  of t h e  i n f r a s t r u c t u r e .  
The p o p u l a t i o n  i s  r ega rded ,  on t h e  one hand,  a s  t h e  producer  
o f  goods and,  on t h e  o t h e r ,  a s  a  major consumer of r e s o u r c e s ,  
goods ,  and s e r v i c e s .  The f a c t o r s  t o  be de te rmined  a r e  t h e  manpouer 
r e qu i r emen t s  of t h e  TPC and a l s o  how manpower c a n  be s u p p l i e d  t o  
a l l  p a r t s  of t h e  TPC economy. Expendi tu res  f o r  a t t r a c t i n g  and 
r e t a i n i n g  manpower a r e  d e f i n e d ,  w i t h  due account  o f  expec ted  l i v -  
i n g  c o n d i t i o n s  and m i g r a t i o n  p r oce s s e s .  The e f f e c t  o f  t h e  e x i s t -  
i n g  s e t t l e m e n t  p a t t e r n  on t h e  l o c a t i o n  of  a l l  economic e lements  
i s  a n a lyzed .  
S o l u t i o n s  t o  t h e s e  problems w i l l  p r ov ide  a  key a s  t o  how t o  
d i s t r i b u t e  t h e  manpower among t h e  s e c t o r s ,  de t e r mine  t h e  b a s i c  
s e t t l e m e n t  p a t t e r n  and p o p u l a t i o n  s i z e  o f  t h e  main s e t t l e m e n t s ,  
and s p e c i f y  t h e  o u t l a y s  f o r  a t t r a c t i n g  and s e t t l i n g  t h e  newcomers. 
A f t e r  a n a l y z i n g  t h e  n a t u r a l  r e s o u r c e s  t h e i r  s o u r c e s  a r e  
chosen  a long  w i t h  t h e  scope  o f  development and t h e  development 
v a r i a n t s .  Also  s p e c i f i e d  a r e  t h e i r  l i n k s  w i t h  consumers and 
e x p e n d i t u r e s .  
C l i m a t i c ,  b i o t i c ,  and r e c r e a t i o n  r e s o u r c e s ,  t h e  c o n d i t i o n  
of  t h e  atmosphere and c e r t a i n  o t h e r  n a t u r a l  c o n d i t i o n s  a r e  d i s -  
t i n g u i s h e d  a s  a  s e p a r a t e  group.  P r o t e c t i o n  and r ep r oduc t i on  of 
r e s o u r c e s  a r e  a l s o  cons ide r e d .  
The compos i t ion ,  s cope ,  d i r e c t i o n s ,  and ways of  implementing 
i n t e r n a l  p roduc t i on  and t r a n s p o r t a t i o n  l i n k s  (exc lud ing  techno-  
l o g i c a l  ones )  a r e  d e f i n e d ,  wh i l e  e x t e r n a l  l i n k s ,  a s  a  r u l e ,  a r e  
a s s i g ned  and c o r r e c t e d  o n l y  a s  a  r e s u l t  of t h e  s o l u t i o n  t o  t h e  
problem. 
The problems of all substages are solved so as not to inter- 
fere with the fulfillment of the production goals of specialized 
industries and with the development of infrastructural units, 
which are significant not only for the territory under study. 
One other requisite is to satisfy constraints on scarce resources, 
taking into consideration the special features of the functional 
units and parts of the territory being studied. 
The main criterion for determining whether a variant of the 
spatial pattern is optimal is a minimal aggregate outlay for the 
formation and functioning of the economy of the territory being 
studied. This will help determine the effects of location, con- 
centration, and organization of the economy. 
The solution to this group of problems gives the best pos- 
sible variant of the use of resources, territorial distribution 
of the industrial and agricultural units, location an2 rates of 
growth of infrastructural elements, layouts of internal and ex- 
ternal production-transportation links, settlement pattern, lo- 
cation of main intraregional complexes, their specialization, 
scale of development, and links. In addition, it is possible to 
determine shadow prices which can be used to analyze various situ- 
ations when drawing up Master Plans and other planning documents. 
The data sources for solving problems at all substages in- 
clude solutions to higher-level tasks, studies carried out by 
sectorial and territorial R&D institutions and other scientific 
institutions, documents by local administrative bodies, and nor- 
mative materials (Figure 3). 
In the second stage of optimization of the regional economic 
pattern, a group of models of TPC formation optimization is sug- 
gested. We believe that the use of these models ensures solu- 
tions to the complex problems of determining the territorial pat- 
tern of a region's economy (Figure 2). Territorial-production 
regional mesomodels* designed for this purpose make up the core 
of the group of models of TPC formation--models of substages I, 
111, IV in Figure 2). These are models of spatial economy that 
analyze all the elements of the economy, and the resources and 
forms of the territorial-production organization within the 
boundaries of the region being studied. 
The territorial-production regional models of TPC spatial 
pattern optimization are constructed of blocks. Each of the 
blocks characterizes the conditions of formation and functioning 
of individual elements of the economy, the use of individual re- 
sources, or the participation of the given TPC in the territorial 
labor division. The number of individual blocks and their con- 
tents depend on the problem and the TPC rank. Thus, for instance, 
five blocks form the basis of spatial pattern models of the TPC 
*The term mesomodels refers to models of entities located lower 
than national level (macromodels) and higher than basic units 
(micromodels) . 
system: (1 ) production, (2) infrastructure, ( 3 )  labor resources, 
( U )  local resources, (5) external links, (6) restraints, and 
(7) objective function (Figure 5). Each of these blocks, in 
turn, is subdivided. Set apart in the production block are the 
al- 
nces 
-
zero 
Figure 5. Block-diagram of a spatial pattern model of the region's TPC system. 
following sub-blocks: (A) specialized sectors, (B) complementary 
industries and (C) service industries; in the infrastructure block 
there are sub-blocks of the elements of productive and social in- 
frastructures, which are (D) important beyond the boundaries of 
the TPC, or (E) important only within these boundaries; in the 
manpower block, for example, there are sub-blocks of (F) local 
resources, and of (G) "imported" resources. Distinguished within 
the sub-blocks are production units, elements of the infrastruc- 
ture, resources, and external ties. 
The objects of simulating in regional mesomodels for each 
level of the TPC are the elements of the specialized sectors of 
a TPC and the complementary industries, and the productive and 
social infrastructures and territorial units. The methods used 
reflect the conditions of the formation and functioning of each 
object of simulation. The specific interrelation of each of 
these objects with the entire system of the TPC complex can be 
quantitatively expressed in matrix coefficients. The criterion 
used is reduced outlays for the construction and functioning of 
the TPC being studied, provided the constraints are satisfied. 
Regional mesomodels of the spatial pattern optimization of 
a TPC at any level usually include the following. (Note that 
there inay be problem situations where some of the above balance 
equations do not apply.) 
- Balance between the output and production needs of 
specialized and complementary industries; 
- Balance between growth rates and infrastructural 
services of each complex, with due recognition of 
the needs of higher level TPCs; 
- Balance between the need for and the supply of local 
resources by main internal territorial units for 
each TPC: 
- Balance between the need for and the supply of man- 
power, taking into account the possibility of at- 
tracting manpower from outside the area; 
- Balance between the need for and the supply of mobile 
resources, taking into account the possibility of 
importing them from outside; 
- Constraints from above factors: assignments for 
outputs of specialized sectors ( K )  and for the de- 
velopment of those infrastructural elements (PI, 
whose significance goes beyond the TPC being studied; 
- Additional constraints representing possible limits 
to the use of local resources ( S )  and manpower re- 
sources (R) , capacities of certain enterprises (M) , 
and limits on scarce resources (V and L); 
- The objective function of the TPC--the main elements 
of which are outlays connected with the creation and 
functioning of production units and infrastructural 
elements, with implementation of external ties, de- 
velopment of local resources, attraction and settling 
of population, with due account of the planned living 
conditions (Appendix 2) . 
In the second stage of the research, three types of problems 
are to be solved which differ in content and require special 
economic-mathematical models and special principles for their 
construction. The following types of problems can be distin- 
guished : 
- Determination of economic spatial pattern variant of 
each TPC; 
- Analysis of the formation pattern of individual TPCs; 
- Determination of the formation variant of separate 
infrastructural elements and the organizational plan 
for each TPC. 
The problems of the first type can be formulated as follows: 
to determine the variant of resource utilization, and the loca- 
tion of productive and infrastructural elements of the TPC, 
taking into account that the TPC must perform its function in the 
territorial division of labor and that expenditures for organiza- 
tion and functioning are minimized. A series of models corre- 
sponding to a definite TPC level have been suggested for solving 
this type of problem: for a region, a model of the spatial pat- 
tern of the regional TPC system would be appropriate; for an 
individual TPC, a model of the spatial TPC pattern and a model 
of the regional agrarian-industrial complex, or a model of the 
territorial distribution of industries is suggested; for a part 
of the TPC, models of the economic spatial pattern of an inten- 
sive development zone, of an individual industrial center or an 
agglomeration of industrial centers would be appropriate (Fig- 
ure 2). All of these models belong to the group of territorial- 
production regional mesomodels whose prototype has been developed 
for this purpose. In each of the models, production, infrastruc- 
ture, and the resources of the TPC concerned are examined simul- 
taneously. 
Each of these models was used at the Institute of Economics 
and Industrial Management to solve complex problems [7]. Some 
of the solutions were applied in developing regional planning 
of the Chulym area, the Irkutsk Province, and the Krasnoyarsk 
Territory, and in collecting data on East Siberia as a whole and 
on the Krasnoyarsk Territory. 
The problem of the second type can be stated as follows: 
check, for every individual TPC, the deadlines and rates of de- 
velopment of specialized industry objects, the growth rates of 
complementary production units and infrastructural elements, and 
the use of resources, provided the outlays for the creation of 
the TPC in question are minimized. 
Dynamic optimization models corresponding in each particular 
case to the aims of the research substage are a possible solution 
to this problem: for the second substage, a forecasting model of 
TPC main parameters; and for the fifth substage, a model of the 
processes of TPC formation. These describe possible formation 
methods of development variants of complementary production units 
and all elements of infrastructure and resources used. Joint and 
interrelated consideration of all production units and all infra- 
structural elements is a great advantage of these models, since 
this allows one to present in full the process of formation of 
the TPC being studied. This is also a distinction by which these 
models differ from the models intended for the solution of the 
third type of problems. 
A series of experimental problems have been solved with the 
help of these models based on data on the Sayany and Mid-Ob TPCs 
[ E l .  
Models for solving the third type of problems are used to 
specify the variant of location, links, growth rates and pattern 
of each of the infrastructure branches of the TPC concerned, pro- 
vided the reduced outlays for the creation and operation of the 
economy of the TPC and also of the branch are minimized. The 
basic difference between the second and third type of problem 
lies in analyzing separately the formation of each individual 
branch of the infrastructure (transportation system, construction 
capacity, fuel and power system, etc.). The study of the inter- 
relations of each of the branches of the infrastructure and the 
economy as a whole allows one to obtain a detailed outline of the 
formation of this infrastructure branch and also to adjust the 
related expenditure. The solution for each of the infrastructure 
branches of a TPC is reconciled with the results obtained by solv- 
ing the problems of forming an appropriate infrastructure branch 
of a higher-level TPC or the whole region. 
Practical calculations of this type of problem were conducted 
with a view to optimizing the creation of the building capacity 
of individual TPCs--e.g., the Bratsk and the Boguchany industrial 
centers of the Angara-Yenisei Region. Various approaches and 
models for solving the third type of problems are proposed in [9]. 
An analysis of the results of these experimental calculations 
indicates that network linear dynamic models can be used for this 
purpose. 
Thus, many of the models discussed have been experimentally 
tested by solving a series of problems for the TPCs of the Angara- 
Yenisei Region. 
Aggregate types of production and some individual production 
units that are promising for the Angara-Yenisei Region were iden- 
tified; specialized sectors' growth rates and the pattern of inter- 
regional exchanges were determined; areas or sites suitable for 
development were selected; and variants of possible locations of 
the production units being considered were mapped out. Power pro- 
duction, iron and steel, and nonferrous metals, chemistry and 
machine-building were considered as specialized industries for 
this region. The number of different types of units was as fol- 
lows: in power production, two types of units were considered 
which differed in terms of technological patterns and locational 
requirements; in iron and steel there were two; in nonferrous 
metals there were nine; in the chemical industry and the machine 
building industry there were five. The new units of the timber 
industry and of other sectors whose location had been determined, 
as well as all operating units of all sectors were considered 
predetermined in allocating resources. The composition of spe- 
cialized sectors, complementary industries, and the infrastructure 
of intraregional TPCs were also determined. Territorial taxonomic 
units were disaggregated at each substage of the solution. 
Many studies have been devoted to the long-range development 
of the productive forces in Siberia, and we therefore did not ex- 
pect our calculations to yield any unexpected, new results. The 
solution to a series of experimental and practical problems con- 
ducted at the Institute of Economics and Industrial Management 
confirmed many of the initial propositions and hypotheses made 
about the development of the production forces of the Angara- 
Yenisei Region. These findings showed that specialization of 
certain territories mapped out as a result of studies conducted 
in the 1930s to 1950s was essentially maintained. 
Our calculations allowed us to obtain a more precise outline 
of various territorial-productive combinations and to specify 
their ties and economic pattern. The role of individual factors 
and conditions in the development of the economy and its spatial 
organization has become more evident. We are more aware of the 
shortcomings in solving certain problems, and that some solutions 
are made at different levels and many indices reflecting actual 
conditions of the development of certain areas are lacking. The 
solution to each problem yields new data that often substantiate 
or reject an accepted point of view. 
BASIC VARIANT OF INTERREGIONAL INTERSECTORAL MODEL WITH 
OPTIMIZED PARAMETERS OF THE GROWTH OF CAPITAL INVESTMENT 
The model embraces n branches, not counting transportation 
(i,j = I ,  ..., n), and m regions (r,s = 1, ..., m). 
Unknown Variables 
xr -  production output of the i-th sector in the r-th 
1' 
region obtained in the previous year with the use 
of production capacities operating at the begin- 
ning of the planned period. (Numbers beginning 
with the (k+l)-th are ascribed to the sector, cre- 
ating elements of investment.); 
- r 
xi: production output increment of the i-th sector in the r-th region due to investments for capacity 
expansion; 
r 
x : production volume of transportation in region r; 
T 
r s 
x. : delivery volume of products of i-th sector from 
1 
r-th region to adjacent regions. (Only links be- 
tween adjacent regions are directly taken into 
account. ) ; 
tr 
ui : expenditure of production investments of i-th type in the r-th region in the year t. (Planned period 
comprises T years.); 
z :  total volume of nonproductive consumption. 
Parameters 
N: production output of branch i in region r, which 
can be obtained in the last year of the planned 
period with the use of productive capacities oper- 
ating at the beginning of the planned period; 
'- fixed part of final use of products of sector i in qi. 
region r; 
L': labor limit for the production sphere in region r; 






















































































